Iron Regulation of Macrophage Responses to Uropathogenic E. coli by Owusu-Boaitey, Nana Kwame
Washington University in St. Louis
Washington University Open Scholarship
Arts & Sciences Electronic Theses and Dissertations Arts & Sciences
Spring 5-15-2016
Iron Regulation of Macrophage Responses to
Uropathogenic E. coli
Nana Kwame Owusu-Boaitey
Washington University in St. Louis
Follow this and additional works at: https://openscholarship.wustl.edu/art_sci_etds
Part of the Allergy and Immunology Commons, Immunology and Infectious Disease Commons,
and the Medical Immunology Commons
This Dissertation is brought to you for free and open access by the Arts & Sciences at Washington University Open Scholarship. It has been accepted
for inclusion in Arts & Sciences Electronic Theses and Dissertations by an authorized administrator of Washington University Open Scholarship. For
more information, please contact digital@wumail.wustl.edu.
Recommended Citation
Owusu-Boaitey, Nana Kwame, "Iron Regulation of Macrophage Responses to Uropathogenic E. coli" (2016). Arts & Sciences Electronic
Theses and Dissertations. 761.
https://openscholarship.wustl.edu/art_sci_etds/761
  
WASHINGTON UNIVERSITY IN ST. LOUIS 
Division of Biology and Biomedical Sciences 
Immunology 
 
Dissertation Examination Committee: 
Indira Mysorekar, Chair 
Mary Dinauer  
Abhinav Diwan 
Jeff Miner 
Gwendalyn Randolph 
Babak Razani 
Joel Schilling 
 
 
 
Iron Regulation of Macrophage Responses to Uropathogenic E. coli 
by 
Nana Owusu-Boaitey 
 
 
A dissertation presented to the  
Graduate School of Arts & Sciences 
of Washington University in 
partial fulfillment of the 
requirements for the degree 
of Doctor of Philosophy 
 
 
 
 
May 2016 
St. Louis, Missouri 
  
 
 
 
 
 
 
 
 
 
 
 
 
© 2016, Nana Owusu-Boaitey
ii 
 
Table of Contents 
 
List of Figures ................................................................................................................................. v 
List of Tables ............................................................................................................................... viii 
List of Abbreviations ..................................................................................................................... ix 
Acknowledgments.......................................................................................................................... xi 
ABSTRACT OF THE DISSERTATION .................................................................................... xiii 
Chapter 1: Host innate immune cell responses to Uropathogenic E. coli (UPEC) induced  
 urinary tract infections (UTIs) ...................................................................................... 1 
1.1 The pathogenesis of urinary tract infections ................................................................. 1 
1.2  The bladder innate immune response to UPEC ............................................................ 2 
1.3  The role of macrophage activation and scavenger receptors in the host response to 
bacteria .......................................................................................................................... 5 
1.4  Macrophage iron retention can influence bacterial survival ......................................... 7 
1.5  Cytokine regulation of host iron homeostasis ............................................................. 11 
1.6  Macrophage autophagy and UPEC: ferritinophagy, xenophagy, and the 
 expression of scavenger receptors .............................................................................. 13 
1.7  Key questions addressed by this thesis ....................................................................... 19 
Chapter 2: Selective autophagy: xenophagy ................................................................................. 26 
2.1 Abstract ....................................................................................................................... 26 
2.2 Review ........................................................................................................................ 26 
2.3 Acknowledgements ..................................................................................................... 48 
Chapter 3: ATG16L1 deficiency in macrophages drives clearance of Uropathogenic E. coli  
 in an IL-1β dependent manner .................................................................................... 51 
3.1 Abstract ....................................................................................................................... 51 
3.2 Introduction ................................................................................................................. 52 
3.3 Materials and methods ................................................................................................ 54 
3.4 Results ......................................................................................................................... 58 
3.4.1 Macrophages are required for UPEC clearance from the bladders of Atg16L1HM mice .... 58 
3.4.2 Altered UTI89 uptake and processing by ATG16L1-deficient macrophages ..................... 59 
iii 
 
3.4.3  ATG16L1-deficient macrophages secrete more IL-1β in response to UPEC challenge ..... 61 
3.4.4  Increased IL-1β production by ATG16L1-deficient macrophages is not the result of 
enhanced transcription of pro-IL-1β and is independent of NOD2 activity ....................... 61 
3.4.5  UTI89 activates NLRP3 inflammasomes in macrophages ................................................. 63 
3.4.6 ATG16L1 deficiency enhances IL-1β secretion in response to UTI89 and other 
 NLRP3 activators due to increased caspase-1 activation .................................................... 64 
3.4.7  Blocking IL-1 signaling in Atg16L1HM mice reduces clearance of UPEC during a UTI ... 66 
3.5 Discussion ................................................................................................................... 67 
3.6 Acknowledgements ..................................................................................................... 71 
Chapter 4: Macrophages Control the Response to Uropathogenic E. coli Infection by 
 Regulating Iron Retention in an IL-6-dependent Manner ........................................... 86 
4.1 Abstract ....................................................................................................................... 86 
4.2 Introduction ................................................................................................................. 87 
4.3 Materials and methods ................................................................................................ 89 
4.4 Results ......................................................................................................................... 92 
4.4.1 pMacs retain iron and limit UPEC survival ........................................................................ 92 
4.4.2 pMacs activate IL-6 production to regulate iron stores in response to UPEC .................... 95 
4.4.3  IL-6 signaling is required for promoting uptake of siderophore-bound iron in  
 response to UPEC ............................................................................................................... 95 
4.4.4  pMacs require IL-6 signaling to prevent UPEC from exploiting excess iron ..................... 97 
4.5 Discussion ................................................................................................................... 98 
4.6 Acknowledgements ................................................................................................... 101 
Chapter 5: Bladder Macrophages Regulate Host Iron in Response to UPEC ............................ 107 
5.1 Introduction ............................................................................................................... 107 
5.2 Materials and methods .............................................................................................. 110 
5.3 Results ....................................................................................................................... 113 
5.3.1 The bladder innate immune cell compartment expands upon UPEC infection ................ 113 
5.3.2 Bladder monocytes/macrophages and DCs express markers of iron retention during  
 a UTI ................................................................................................................................. 114 
5.3.3  Bladder macrophages express scavenger receptors in response to UPEC ........................ 115 
5.4 Discussion ................................................................................................................. 118 
5.5 Acknowledgements ................................................................................................... 124 
iv 
 
Chapter 6: Conclusions and Future Directions ........................................................................... 129 
6.1 Investigate innate and recruited bladder innate immune cell populations ................ 129 
6.2 Determine how macrophage scavenger receptors influence the host response 
 to UPEC .................................................................................................................... 130 
6.3 Examine how ATG16L affect macrophage scavenger receptor responses to 
 UPEC ........................................................................................................................ 132 
6.4 Elucidate the role of macrophage iron regulation markers in limiting UPEC 
 survival ...................................................................................................................... 134 
6.5 Investigate the effect of ATG16L1 host iron regulation during a UTI ..................... 136 
6.6 Investigate the role of IL-6 signaling and aging in the macrophage response to 
 UPEC ........................................................................................................................ 138 
6.7 Conclusions ............................................................................................................... 141 
References 142 
Appendix 177 
A.1 Materials and methods .............................................................................................. 177 
Curriculum Vitae ........................................................................................................................ 258 
 
  
v 
 
List of Figures 
 
Chapter 1 
Figure 1:  UPEC pathogenesis and the host response to UPEC ………………………….…....21 
Figure 2:  Functions of classically activated, and alternative activated, macrophages ……….. 22 
Figure 3:  IRPs regulate translation of host iron markers ………….…...…...………...……… 23 
Figure 4:  Macrophages regulate host iron homeostasis ……………………...…………...….. 24 
Figure 5:  IL-6 promotes iron retention in response to infection ……………………..…......... 25 
Chapter 2 
Figure 1:  Model depicting multiple pathways of xenophagy ……………………..……...….. 49 
Chapter 3 
Figure 1:  Macrophages and monocytes are essential for bacterial control in Atg16L1HM  
  mice ………………………………………………………………………………... 72 
Figure 2:  ATG16L1-deficient macrophages take up more bacteria than WT macrophages  
  do …..………………………………………………………………………………. 73 
Figure 3:  ATG16L1-deficient macrophages interact with MG1655 differently than UTI89 ... 74 
Figure 4:  ATG16L1-deficient macrophages produce more IL-1 than WT macrophages ...... 75 
Figure 5:  Increased IL-1 secretion by ATG16L1-deficient macrophages is not due to  
  enhanced signal 1 or NOD2 …………...………………………………………...… 76 
Figure 6:  TLR4 and NLRP3 activation by UPEC are important for IL -1 production …...… 77 
Figure 7:  ATG16L1-deficient macrophages produce more IL-1 due to increased  
  NLRP3 and caspase-1 activity ……………………….…………..……………...… 78 
Figure 8:  IL-1 production is enhanced in Atg16L1HM mice and is important for faster  
  clearance of UPEC …………...…………..……………………...………………… 79 
vi 
 
Figure 9:  Clodrolip depletes macrophages and monocytes from Atg16L1HM mice.……...….. 80 
Figure 10:  Clodrolip depletes macrophages and monocytes from the bladders of   
   Atg16L1HM mice 24hrs post infection with UPEC .…...................................…… 81 
Figure 11:  Increased uptake of UPEC into LAMP1 positive compartments in 
   ATG16L1-deficient macrophages ………………………………...…...………… 82 
Figure 12:  More IL-1β is secreted by ATG16L1-deficient macrophages in response to 
   cystitis and pyelonephritis strains, after 24 hours …………………………......… 83 
Figure 13:  Inhibiting autophagy in WT macrophages leads to increased IL-1β secretion ..… 84 
Figure 14:  More cleaved caspase-1 is found in the supernatants of ATG16L1-deficient 
   macrophages than WT macrophages…..…………………………………….…… 85 
Chapter 4 
Figure 1:  pMacs retain iron in response to UPEC, and limit UPEC utilization of iron  
  for UPEC survival ……………..…………………………………....…………..... 102 
Figure 2:  Iron and UPEC together activate IL-6 production in pMacs ……….…………..… 103 
Figure 3:  IL-6 signaling inhibits iron retention and promotes lipocalin 2 production in  
  UPEC infected pMacs ………………………...………………….……………..... 104 
Figure 4:  Iron-supplemented pMacs use IL-6 signaling to limit UPEC utilization of iron .... 105 
Figure 5:  Model of macrophage iron retention upon UPEC infection .... 106 
Chapter 5 
Figure 1:  The bladder macrophage, monocyte, and DC compartment expands upon  
  UPEC infection …….…………………………………………………………...... 125 
Figure 2:  Bladder monocytes/macrophages and DCs, in response to UPEC infection,  
  express markers associated with retention of free iron and uptake of  
  extracellular siderophore-bound iron ……………..……...……………...……….. 126 
Figure 3:  UPEC infection promotes bladder macrophage and monocyte expression  
vii 
 
  of scavenger receptors for the clearance of UPEC, host apoptotic cells,  
  and particles ……………………………………………………………...………. 127 
Figure 4:  Model of bladder monocyte/macrophage and DC populations before  
  and during a UTI …………………………...…………………………………….. 128 
Appendix 
Figure 1:  Markers expressed by bladder monocytes/macrophages and DCs in response  
  to UPEC infection ……........................................................................................... 181 
Figure 2:  ATG16L1 promotes macrophage retention of free iron …………………………. 257 
  
viii 
 
 
List of Tables 
 
Chapter 2 
Table 1:  Chart distinguishing between xenophagy, LC3-Associated phagocytosis, and  
  phagocytosis …..……..………………………………………………….....……...… 50 
 
  
ix 
 
List of Abbreviations 
 
AAM: alternatively activate macrophage 
BMDC: bone marrow derived dendritic cell 
BMDM: bone marrow derived macrophage 
CAM: classically activated macrophage 
CD: cluster of differentiation 
CFU: colony formation unit 
CP: ceruloplasmin 
DC: dendritic cell 
DMT1: divalent metal transporter 1 
EGFP: enhanced green fluorescent protein 
FAC: ferric ammonium citrate 
FPN1: ferroportin 
Hamp1: hepcidin 
HLA-DR: human leukocyte antigen – antigen D related 
hpi: hours post-infection 
IL: interleukin 
IRP: iron regulatory protein 
LAP: LC3-associated phagocytosis 
LC3: light chain 3  
Lcn2: lipocalin 2 
LPS: lipopolysaccharide  
MARCO: macrophage receptor with collagenous structure 
MDC: monodansylcadaverine  
x 
 
MerTK: MER proto-oncogene tyrosine kinase  
M/M: monocyte/macrophage  
NOD2: Nod-like receptor 2 
pMacs: peritoneal macrophages 
QIRs: quiescent intracellular reservoirs  
RFP: red fluorescent protein  
SR-A1: scavenger receptor type 1 
SSC5D: soluble scavenger with 5 domains  
TEM: transmission electron microscopy  
TFR1: transferrin receptor 
TLR4: toll-like receptor 4 
TNF: tumor necrosis factor 
UPEC: Uropathogenic E. coli 
UTI: urinary tract infection  
ZIP14: Zrt-Irt-related protein 14 
3-MA: 3-Methyladenine  
 
 
 
 
  
xi 
 
Acknowledgments 
 
I would like to extend my gratitude to my mentor Indira Mysorekar, for the guidance she has 
provided during the development of this thesis. Janey Symington and Caihong Wang have, of 
their own initiative, advised me on both a scientific and personal level. I thank them for fostering 
a positive environment in which I and other students have flourished. Thank you to Kyle 
Bauckman for partnering with me in our research on macrophages and iron regulation. He is both 
an exceptional scientist and a fun person to be around, as are the other members of the 
Mysorekar lab, especially Emily Ma and Bin Cao. I consider it a blessing to have spent so much 
time with them. 
 I would also like to thank Charlie Wang, Joy Twentyman, and Jinsheng Yu for their 
collaboration in our microarray data analysis. I am also grateful to Skip Virgin, for his generosity 
with mice. Thank you to Kory Lavine and Kassie Weber for sharing their expertise on tissue 
macrophages and peritoneal macrophages, respectively. My thesis committee has also been 
incredible resource during my tenure at Washington University. I cannot thank them enough for 
the constructive criticism and encouragement they have provided. 
 
 
Nana Owusu-Boaitey 
Washington University in St. Louis 
May 2016 
  
xii 
 
 
 
 
 
 
 
 
 
 
 
 
To my parents and grandmother, for all they have done, both seen and unseen. 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
ABSTRACT OF THE DISSERTATION 
Iron Regulation of Macrophage Responses to Uropathogenic E. coli 
for Arts & Sciences Graduate Students 
by 
Nana Owusu-Boaitey 
Doctor of Philosophy in Biology and Biomedical Sciences 
Immunology 
Washington University in St. Louis, 2016 
Indira Mysorekar, Chair  
 
Uropathogenic E. coli (UPEC) are the principal cause of urinary tract infections (UTIs), one of the 
most common infections globally. Given the rising incidence of antibiotic resistance among UPEC 
strains, there is an increasing need to better understand the host response to UPEC and to develop 
ways to harness the bladder innate immune response that clears infection. In response to infection, 
the host attempts to limit the ability of UPEC to access iron, a metal critical to UPEC survival. 
Innate immune cells known as macrophages are known to regulate iron homeostasis through the 
production of pro-inflammatory cytokines, though it remains unclear what role macrophage iron 
regulation plays during a UTI. Bladder macrophages are also known to phagocytose UPEC via 
pathogen-recognition receptors. Innate immune cells such as macrophages and dendritic cells may 
also use these receptors to clear host apoptotic cells and debris, promoting tissue repair following 
UPEC infection. Macrophage scavenger receptor expression is known to be negatively regulated 
by genes involved in autophagy, a pathway for the degradation of intracellular components. This 
may implicate autophagy genes in the host response to UPEC. Furthermore, the autophagy protein 
xiv 
 
ATG16L1 is also known to limit production of the pro-inflammatory cytokines that promote UPEC 
clearance. It remains unclear, however, whether ATG16L1 mediates this effect primarily through 
inhibition of the macrophage inflammatory response to UPEC. In this thesis, I investigated the role 
of inflammatory cytokines, ATG16L1, iron regulation, and scavenger receptors in the innate 
immune response to UPEC.  
 I found that ATG16L1 suppressed the host response to UPEC by suppressing macrophage IL-
1β production. Furthermore, macrophages, in response to UPEC infection, retained free iron and 
took up iron bound to UPEC siderophores, thereby limiting UPEC survival by preventing UPEC 
from accessing iron. The pro-inflammatory cytokine IL-6 was required for macrophages to limit 
UPEC access to iron. I also found that both uninfected and UPEC-infected bladders contained 
dendritic cells that could phagocytose UPEC, particles/debris, and apoptotic cells via scavenger 
receptors. Moreover, bladder macrophages expressed scavenger receptors for the uptake of 
extracellular bacteria during the early innate immune cell response to UPEC infection, while 
expressing receptors for the clearance of bacteria, apoptotic cells, and particles during the tissue 
repair response that follows a UTI. Taken together, my work suggests that innate immune cell 
scavenger receptors may play a crucial role in maintaining bladder health in the absence of 
infection, clearing UPEC during a UTI, and promoting the tissue repair response that follows a 
UTI. Furthermore, modulating the host iron regulation response, and promoting macrophage 
inflammatory signaling, may provide an effective treatment for UTIs. 
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Chapter 1: Host innate immune cell 
responses to Uropathogenic E. coli (UPEC) 
induced urinary tract infections (UTIs) 
 
1.1 The pathogenesis of urinary tract infections 
  
 Uropathogenic E. coli (UPEC) are the principal agent of urinary tract infections (UTIs), one of 
the most common infections globally [1]. UTIs result in an estimated 13 million outpatient visits 
yearly in the U.S. [2]. Symptoms of bladder UTIs include frequency, urgency, and painful urination 
[3]. Management of these infections is an enormous economic burden of $2 billion per year. 
Recurrent UTIs are a serious problem, with ~25% of patients experiencing multiple episodes per 
year despite appropriate antibiotic treatment. Especially worrisome is the fact that many the strains 
of bacteria that cause UTIs have become resistant to standard antibiotics [1, 4].  
 UPEC establishes a UTI by first infecting epithelial cells of the urogenital tract, including the 
kidney and bladder (Fig 1A). The bladder epithelium is composed of superficial cells, intermediate 
cells, and basal cells. Basal cells are adjacent to the bladder basement membrane, while 
intermediate cells lie above the basal cells. Superficial cells lie above the intermediate cells and 
are differentiated cells adjacent to the urine-containing luminal surface of the bladder [5, 6]. UPEC 
infects superficial cells through the use of pili, proteins which attach to the surface of bladder 
epithelial cells [7]. Specifically, type 1 pili bind to uroplakin 1a on the surface of superficial cells 
[8, 9], resulting in endocytosis of UPEC by superficial cells [10, 11]. Upon entry into superficial 
cells, UPEC can form intracellular bacterial communities (IBCs) that contain between 105 and 106 
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bacteria [12-14] (Fig 1A). The host may remove these IBCs by exfoliating IBC-containing 
epithelial cells into the urine, leading to the presence of IBCs in the urine of women with UTIs 
[15]. 
 Despite the host exfoliating UPEC-infected superficial cells, UPEC can persist in the bladder 
in an antibiotic-resistant form [13] by establishing quiescent intracellular reservoirs (QIRs) These 
QIRs are made up of non-replicating UPEC within bladder epithelial cells [16] (Fig 1A). UPEC 
can then exit these QIRs, infecting neighboring cells and thus causing recurrent UTIs [17]. The 
presence of these antibiotic-resistant QIRs suggests that antibiotic treatment may not be a sufficient 
treatment for UTIs. Instead, host defense mechanisms may be required for the effective clearance 
of antibiotic-resistant bacteria. 
   
1.2  The bladder innate immune response to UPEC 
  
 Given the rising incidence of antibiotic resistance among uropathogens, there is an increasing 
need to better understand the host response to UPEC and to develop ways to harness the host innate 
immune response that clears infection [1]. This response is made up of innate immune cells such 
as neutrophils, monocytes, macrophages, and dendritic cells (DCs) [18, 19]. These cells are 
distinguished via a variety of markers. Murine DCs can express CD64 [20], a receptor for the 
phagocytosis of antibody-bound pathogens [21]. Murine monocytes and macrophages are 
distinguished by their expression of CD64 [19, 22-25], the integrin CD11b [19, 25, 26], and F4/80 
[19, 21, 24-30], a receptor that involved in macrophage induction of T cells [31]. Murine 
neutrophils lack F4/80 [19, 27, 30] and CD64 expression [21, 32], though human neutrophils can 
induce CD64 expression upon exposure to cytokines such as G-CSF [33, 34].   
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 Neutrophils, DCs, monocytes, and macrophages play an important role in the innate immune 
response to UPEC [18], with bladder macrophages promoting UPEC clearance [18, 27, 28, 35, 
36]. Macrophages are not only critical for the host response to pathogens, but also for other 
processes such as maintaining homeostasis, nutrient regulation in the microenvironment, and tissue 
repair after infection [37-40]. Resident macrophages present before infection maintain tissue 
homeostasis. Upon infection, circulating macrophages can be recruited to the infected tissue or 
macrophages can develop from recruited monocytes [19, 37-41].  
  In the absence of infection, the murine bladder contains resident macrophages, monocytes, 
and DCs [19, 27], but not significant numbers of neutrophils [19]; neutrophils account for < 1% 
of all bladder leukocytes before infection, while macrophages account for about 9% [42]. These 
resident macrophages are negative for Ly6C [19, 27], an inflammatory marker [41] and cell surface 
molecule involved in integrin-mediated lymphocyte adhesion to the endothelium [43]. Resident 
bladder macrophages can, upon a bladder UPEC infection, release chemokines that recruit 
neutrophils and monocytes to the infected tissue [27, 44] (Fig 1B). For instance, within 4 hours 
after infection with UPEC, resident macrophages release CCL2, a chemokine that recruits Ly6C+ 
inflammatory macrophages. Bladder macrophages also release MIF, CXCL1, and CXCL2, 
chemokines which induce neutrophil migration across the infected uroepithelium [27] (Fig 1B). 
Given this recruitment of innate immune cells, neutrophils and macrophage levels increase to 10% 
and 10-30% of all bladder leukocytes, respectively, by 16 hours post-infection (hpi) [42]; by 24 
hpi, there is also increased expression of myeloid cell markers within the bladder [28, 45, 46]. 
Consistent with this, DCs and monocytes enter the bladder within 24 hours of a bladder UPEC 
infection [18, 19, 47]; the chemokine receptor CCR2 remaining dispensable for this monocyte 
entry into the infected bladder [26] and for clearance of UPEC [47]. By 48 hpi, bladder macrophage 
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and monocyte numbers remain higher than at 6 hpi, while bladder neutrophil numbers decrease by 
48 hpi [30]. Thus bladder monocytes and bladder macrophages, as opposed to neutrophils, may 
play a more significant role in the long-term host response to UPEC.  
 Though macrophages are the primary innate immune cell type to phagocytose UPEC within 
the first 48 hours of infection, depletion of macrophages causes increased phagocytosis of UPEC 
by DCs [19]. This suggests that DCs can play an important role in the clearance of UPEC. 
Neutrophils also phagocytose UPEC [18] and enter the infected bladder tissue through the use of 
matrix metalloproteinases [27]. To combat neutrophil recruitment, UPEC can limit production of 
pro-inflammatory cytokines that promote neutrophil migration [48, 49]. 
 Though much work has been done in characterizing innate immune cell entry into organs such 
as the intestine, how innate immune cells enter the infected bladder tissue remains an important 
open question. Neutrophils are known to enter some infected tissues by recognizing P-selectins 
and E-selectins expressed by endothelial cells. Neutrophils then attach to the endothelial cells 
through the use of surface sialyl-Lewis X residues that bind to E-selectin on endothelial cells. 
Neutrophil integrins also attach to endothelial cell adhesion molecules, such as ICAM-1, further 
strengthening the interaction between the neutrophil and the vascular endothelium [50]. However, 
the role of integrins in the neutrophil entry into the infected bladder mucosa remains unclear. 
Therefore, further work needs to be done in understanding the mechanisms of innate immune cell 
entry into the bladder upon UPEC infection.  
 Despite the role of resident macrophages in recruiting innate immune cells, bladder resident 
macrophages may be non-essential for the host response to UPEC. In support of this, bladder 
resident macrophages were not required for the recruitment of neutrophils and monocytes to UPEC 
infected tissue. Furthermore, depletion of bladder resident macrophages did not significantly affect 
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clearance of UPEC from the bladder during a primary infection, but did inhibit UPEC clearance 
during a subsequent secondary infection [19]. This suggests that resident macrophages inhibited 
the adaptive immune response to UPEC, despite the ability of resident macrophages to promote 
UPEC clearance by recruiting inflammatory macrophages to the infected bladder. Given the 
conflicting roles different macrophage populations play in the host response to UPEC, more work 
needs to be done in elucidating the various functions of macrophage subsets.  
 
1.3  The role of macrophage activation and scavenger 
receptors in the host response to bacteria 
 
Recruited monocytes can differentiate into at least two distinct macrophage subsets: classically 
activated macrophages (CAMs) and alternatively activated macrophages (AAMs) (Fig 2). CAMs 
are induced by pro-inflammatory cytokines such as IFN-γ, release pro-inflammatory cytokines, 
and phagocytose bacteria via scavenger receptors [51-53]. In contrast, alternatively activated 
macrophages (AAMs) display an anti-inflammatory phenotype and are induced by anti-
inflammatory cytokines such as IL-4. AAMs promote angiogenesis and tissue repair [40, 51, 53], 
and while also inhibiting the IFN-γ signaling that promotes CAM development [54].  
One can further distinguish AAMs and CAMs through their expression of other markers, 
including scavenger receptors that recognize pathogens and/or host molecules [40, 51] (Fig 2). 
CAMs express elevated levels of pathogen recognition receptors such as macrophage receptor with 
collagenous structure (MARCO) and toll-like receptor 4 (TLR4) [51, 52, 55]. Both MARCO and 
TLR4 allow macrophages to phagocytose E. coli [56, 57]. In addition to binding E. coli, MARCO 
also plays a role in the clearance of apoptotic cells [58] and recognizes particles/debris [51, 59, 
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60], enabling MARCO+ macrophages to maintain tissue health by clearing detritus. In contrast to 
MARCO and TLR4 by CAMs, AAMs express elevated levels of scavenger receptor type 1 (SR-
A1), a scavenger receptor which binds to extracellular bacteria and apoptotic cells alongside its 
binding partner, MER proto-oncogene tyrosine kinase (MerTK) [51, 57, 59-61] (Fig 2). 
Though the CAM/AAM distinction remains useful for distinguishing macrophage subsets, 
there is some functional overlap between CAM and AAM markers. For example, the scavenger 
receptor CD206 is normally taken to be an AAM marker [40, 62], in line with the induction of 
CD206 by anti-inflammatory cytokines [63], CD206-mediated homeostatic clearance of host 
glycoproteins and collagen [64-67], and the role of CD206+ cells in suppressing production of pro-
inflammatory cytokines in response to certain pathogens [68]. Yet CD206 also plays the CAM-
like function of pathogen recognition [65, 68-70]. Furthermore, CD206+ adipose tissue 
macrophages can display a markedly CAM-like phenotype, consistent with previous data showing 
that macrophages AAM-like in terms of surface molecule expression may be CAM-like in terms 
of cytokine production [71, 72]. A similar blending of AAM-like and CAM-like functions occurs 
with the scavenger receptor CD163 [73]; though traditionally thought of as an AAM marker [38, 
40], CD163 acts as a phagocytic receptor for E. coli [74], thereby playing a CAM-like function.  
 Macrophages can therefore play both CAM- and AAM-associated functions, depending on the 
markers they express. Given this overlap, it may be more fruitful to replace the “AAM/CAM” 
dichotomy with a distinction between CAM-like functions such as phagocytosis of bacteria, and 
AAM-like functions such as inhibition of inflammation. Alternatively, one can replaced the 
dichotomy with a focus on the function of specific CAM-associated or AAM-associated markers. 
This can be extended to examining CAM-like and AAM-like functions in the context of bladder 
health and the host response to UPEC infection: though MARCO and SR-A1 are known to bind 
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to E. coli [57], it remains unclear whether bladder macrophages express these receptors over the 
course of a bladder UPEC infection.  Nor is it clear what scavenger receptors bladder macrophages 
express in the absence of infection. 
 
1.4  Macrophage iron retention can influence bacterial 
survival 
 
In addition to taking up extracellular bacteria via scavenger receptors, macrophages also 
regulate the ability of bacteria to access iron, a metal critical for the survival of both microbes and 
mammalian cells [75-79]. Since free iron functions at oxidative state of +2, it can readily produce 
harmful reactive oxygen species intracellularly [80]. As a result, a stringent signaling mechanism 
has evolved to absorb and utilize iron for basic cell functions, without harming the host. 
Mammalian cells utilize ferritin to store iron in unreactive state when not in use. Host cells also 
use transferrin receptor (TFR1) to take up extracellular iron bound to transferrin [81]. This iron is 
then released from transferrin within endosomes, and transported out of the endosome via the 
divalent metal transporter 1 (DMT1). In order to maintain intracellular iron homeostasis, DMT1, 
TFR1, and ferritin are regulated at the transcriptional level by iron regulatory proteins 1 and 2 
(IRP-1, -2) [82-84] (Fig 3). In brief, iron interacts with IRPs leading to increase of ferritin and 
decrease of TFR1, along with a number of other iron regulatory targets [82]. When iron is 
administered at high levels, leading to increased iron intracellularly [75, 85-88], the abundance of 
iron leads to a decrease in TFR1 levels and an increase in the iron storage protein, ferritin [76, 89]. 
Iron supplementation therefore serves as useful method for modulating the host iron response.  
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In the absence of infection, AAM-like macrophages contribute to tissue homeostasis by 
releasing free iron [38, 39] (Fig 4A). AAM-like use CD163 and TFR1 to take up host iron-
containing compounds. The enzyme heme oxygenase 1 subsequently releases iron from these 
molecules, at which time the iron transporter DMT1 shuttles this free iron from within the 
endosome to the cytosol. The free iron can then be released into the extracellular environment via 
the iron transporter ferroportin [79, 81, 87]; this free iron promotes angiogenesis and tissue repair 
after injury [38, 39, 41, 52, 90]. The aforementioned macrophage iron release also dictates bladder 
health. For instance, in the context of bladder cancer, CD163+ macrophages release iron, 
promoting tumor growth and angiogenesis [38, 40]; infiltration of CD163+ macrophages is 
therefore associated with poor bladder cancer prognosis [91, 92].  
Since macrophage CD163 expression influences bladder health [38, 40] and the host response 
to infection [74, 93], bladder macrophage iron release may affect host responses to, and recovery 
from, UTIs. Furthermore, AAM-like macrophages, especially those expressing CD163, may also 
provide bacteria with access to iron [38, 52, 54, 77, 94]. Consistent with this, macrophage CD163 
expression positively correlates with M. leprae survival within the host [93]. Similarly, F. 
tularensis and L. monocytogenes enter macrophages and exploit the iron macrophages have taken 
up via TFR1 [95, 96], while M. tuberculosis accesses intra-macrophagic and extra-macrophagic 
iron [97]. Macrophage iron release may be of particular importance during a UTI since UPEC 
exploits host iron by elaborating iron-binding siderophores [78, 98-107].  
While AAM-like macrophages promote iron release, CAM-like macrophages, in response to 
bacterial infections, retain free iron [38, 39, 41, 52, 90] (Fig 4B). Iron retention is characterized by 
increased expression of the iron-uptake molecules ZIP14 (Zrt-Irt-related protein 14) and DMT1 
[108-111], allowing macrophages to take up more free iron. The macrophages use the iron 
9 
 
transporters DMT1 to move the iron from within endosomes into the cytosol [54, 110, 112-119] 
and then onto iron cargo molecule ferritin [110, 111]. Macrophages also promote iron retention by 
limiting the liberation of iron bound to extracellular molecules. For instance, CAM-like 
macrophages decrease expression of CD163 [38, 40] and TFR1 [38, 79, 120, 121] in response to 
infection, thereby macrophage release of iron from host haptoglobin and hemoglobin. 
Additionally, macrophages retain free iron by limiting release of free iron through ferroportin. This 
occurs via increase macrophage expression of hepcidin, a negative regulator of ferroportin [77, 79, 
87, 111, 122].  
Macrophage iron retention limits the ability of some bacteria, such as M. tuberculosis, to access 
iron for bacterial survival [77, 79, 97, 111, 123]. Macrophage iron retention may be of relevance 
to in vivo infections; for example, increased dietary iron elevated in vivo levels of C. pneumoniae 
[121]. Modulating dietary iron level may therefore provide an effective means of improving the 
host response to infection. Given the importance of macrophage iron retention in limiting bacterial 
growth, macrophages need to be able to perform their iron retention function under the range of 
iron concentrations present during the course of an in vivo infection [77].  
While macrophage iron retention can limit the ability of some bacteria to access iron, other 
bacteria exploit macrophage iron retention as a source of iron. For instance, F. tularensis causes 
macrophages to increase expression of the iron importer DMT1, thereby allowing macrophages to 
take up and retain this extracellular free iron [95, 121]. F. tularensis drives this macrophage 
retention in order to access intra-macrophagic iron [95]. S. typhimurium also uses iron retained 
within macrophages to promote intra-macrophagic S. typhimurium survival [124, 125]. However, 
it remains unclear whether macrophage iron retention and iron release affects UPEC survival. 
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In addition to iron-retention, macrophages can limit bacterial access to extracellular free iron 
through the production of lipocalin 2, a molecule that binds to both host iron-bound siderophores 
and bacterial iron-bound siderophores. Host cells, including macrophages, can then use various 
receptors to take up the iron-siderophore-lipocalin complex [126-128], thus limiting bacterial 
access to extracellular iron [117, 120, 121, 124, 129-137] (Fig 4B). Lipocalin 2 can also limit 
bacterial survival by inhibiting macrophage iron retention. For example, lipocalin 2 limits S. 
typhimurium survival and inhibits macrophage iron retention in response to S. typhimurium [124], 
consistent with previous data showing that macrophage iron retention promotes intra-macrophagic 
survival S. typhimurium [125]. 
Lipocalin 2 also reduces survival of bacteria within macrophages [121, 138] and plays a crucial 
role in limiting the survival of pathogenic E. coli within the host [129, 139-142]. Iron 
supplementation augments lipocalin-2-mediated suppression of bacterial growth [121], suggesting 
that lipocalin-2-mediated iron uptake can inhibit bacterial survival even in host tissues that contain 
high levels of iron. In addition to limiting bacterial access to iron, lipocalin 2 can limit bacterial 
survival through a number of other mechanisms. These mechanisms include increasing the 
recruitment of innate immune cells in response to infection, promoting inflammation, promoting 
macrophage activation, and inhibiting the expression of anti-inflammatory cytokines that promote 
bacterial growth [124, 134, 143].  
However, as with macrophage iron retention, macrophage lipocalin-2-mediated iron uptake 
can promote the survival of some pathogens. These effects are partially mediated by host 
cytokines. For instance, lipocalin 2 promotes in vivo production of the pro-inflammatory cytokine 
interleukin 6 (IL-6) in response to S. pneumoniae infection. This was associated with a worse host 
response to S. pneumoniae infection [133]. Lipocalin 2 also limited S. typhimurium survival by 
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inhibiting systemic IL-10 production, while promoting systemic IL-6 production [124]. 
Conversely, lipocalin 2 had no significant effect on IL-10 production in response to K. pneumoniae 
or E. coli [124], and inhibited macrophage IL-6 production and IL-6 release in response to E. coli-
derived LPS [144, 145]. IL-6-induced STAT3 signaling remained unchanged, even as lipocalin 2 
inhibited STAT3 signaling downstream of LPS [145], a lipopolysaccharide found on UPEC. Taken 
together, these results indicate that lipocalin 2 affects cytokine production, secretion, and signaling 
in divergent ways, depending on the pathogen eliciting the cytokine response.  
Lipocalin-2-mediated cytokine regulation and iron regulation may significantly affect host 
recovery from a UTI, since the host produces lipocalin 2 and hepcidin during the pathogenesis of 
upper urinary tract infections [101, 146]. Certain UPEC strains may evade this response by 
producing lipocalin-2-resistent siderophores [134, 142, 147, 148]. In addition to siderophore-
bound iron, UPEC is also known to access iron within bladder epithelial cells [98, 149]. However, 
it remains unclear what role macrophage iron regulation, especially macrophage production of 
lipocalin 2 and hepcidin, might play in the host response to UPEC. 
 
1.5  Cytokine regulation of host iron homeostasis  
 
 Host iron homeostasis is regulated by the pro-inflammatory cytokine IL-6. Macrophage IL-6, 
for example, has been shown to induce hepcidin production by hepatocytes [125, 150-155], 
thereby promoting iron retention (Fig 5). IL-6 also promotes hepatocyte and macrophage 
production of the iron uptake molecule ZIP14 [108, 156], further facilitating macrophage iron 
retention. IL-6-mediated iron regulation may be particularly important in the host response to 
UPEC, since macrophages and bladder epithelial cells produce IL-6 as a first response to UPEC 
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[157-159]. Though IL-6 is sufficient for inducing hepcidin expression by monocytes [122], IL-6 
knockout alveolar macrophages express more hepcidin in comparison to wild type alveolar 
macrophages [160]. It therefore remains unclear what role macrophage IL-6 signaling macrophage 
iron retention. IL-6-mediated macrophage iron regulation may also provide one explanation for 
why UPEC seeks to limit innate immune cell production of IL-6 [161, 162]: limiting IL-6 
production may prevent liver hepcidin production, thereby preventing iron retention by host cells 
and providing UPEC with access to extracellular free iron.  
 In addition to IL-6, a number of other cytokines influence the host iron response. The anti-
inflammatory cytokine interleukin 10 (IL-10) promotes macrophage production of lipocalin 2 in 
response to LPS, a lipopolysaccharide found on UPEC. IL-10 also inhibits macrophage production 
of IL-6 [133, 163], suggesting that, in the presence of IL-10, increased IL-6 production was not 
required for macrophages to produce lipocalin 2. Conversely, the CAM-associated inflammatory 
cytokine IFN-γ inhibited LPS-induced macrophage production of lipocalin 2 and promoted IL-6 
expression [163]. This suggests that cytokines other than IL-6 could influence host lipocalin 2 
production in response to UPEC. 
 Just as cytokines regulate iron levels, iron itself regulates cytokines, as evidenced by increased 
macrophage IL-6 expression in response to iron [164]. Iron also limits IFN-γ signaling in 
monocytic cells and inhibits expression of IFN-γ-inducible genes important for promoting 
macrophage migration into infected tissue, initiating an immune response to pathogens, limiting 
the ability of bacteria to access iron, and lysing bacteria [54, 165, 166]. Furthermore, iron promotes 
macrophage IL-10 production in response to S. typhimurium, and stimulates S. typhimurium 
survival in macrophages [124]. Taken together, these studies indicate that excess iron can promote 
cytokine signaling pathways associated with bacterial survival and dampen cytokine signaling 
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pathways associated with bacterial clearance. It remains unclear, however, if iron-mediated effects 
on cytokine signaling influence the host response to UPEC. Furthermore, though macrophages and 
bladder epithelial cells produce IL-6 in response to UPEC [157-159], it is unknown what role IL-
6 signaling may play in the macrophage iron regulation response during a UTI. 
 
1.6  Macrophage autophagy and UPEC: ferritinophagy, 
xenophagy, and the expression of scavenger receptors 
 
In addition to regulating iron, macrophages can exploit a number of pathways to effectively 
clear bacteria while limiting damage to the host. Macrophages can capture bacteria via a process 
known as autophagy. Autophagy involves the formation of double-membrane autophagosomes 
around intracellular contents [167], which are then trafficked to lysosomes for degradation. 
Autophagy can occur in the form of chaperone-mediated, microautophagy, and macroautophagy 
[168].  
One can examine the function of autophagy genes and autophagy proteins through a number 
of model systems. For example, in the LyzM-Cre Atg16l1fl/fl mouse model, the autophagy gene 
Atg16l1 iss specifically knocked out in macrophages and granulocytes, in order to examine innate-
immune-cell-specific deficiencies in ATG16L1. Alternatively, one can examine systemic 
deficiency in ATG16L1 through the use of a hypomorphic mouse model, ATG16L1HM [169], in 
which there is a greater than 70% reduction in ATG16L1 protein. This occurs without the 
embryonic lethality that typifies total loss of ATG16L1 [35]. One can also transiently inhibit 
production of autophagy proteins via siRNA (small interfering RNA) or shRNA (small hairpin 
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RNA), or one can delete of autophagy genes to examine the effects of permanent loss of these 
genes [168]. 
Functional analysis of autophagy proteins has revealed that autophagy proteins influence host 
iron regulation [75, 149, 170, 171]. Autophagy proteins might therefore influence the host innate 
response to UPEC by affecting the ability of UPEC to access host iron. One study reported a 
specific mechanism for iron induced autophagy which they coined ferritinophagy [170]. Briefly, 
NCOA4 was identified via proteomic profiling to induce autophagy directed at processing iron 
[170]. This novel marker is currently the only unique autophagy inducer regulated by iron. NCOA4 
was shown to bind ferritin, facilitating the release of iron from ferritin [170]. It has been established 
that host cells use lysosomes to release iron from ferritin, leading to the conversion of the unbound 
iron from Fe+3 to Fe+2 [75, 76, 85, 89, 170, 172]. Alterations in p62 levels are often utilized as 
further confirmation of autophagy induction [173]. p62 functions as a ubiquitin-binding protein 
and as such tags specific proteins for degradation via autophagy [174]. Interestingly, p62 remains 
unchanged during treatment with iron even in the presence of increases in other markers of 
autophagy. This suggests p62 may not be involved in iron recruitment to the autophagosome 
during ferritinophagy.   
Cells can use autophagy to not only envelope ferritin-bound iron, but intracellular pathogens 
as well. When cells use macroautophagy to take up intracellular pathogens, it is known as 
xenophagy [168, 175, 176]. Xenophagy is an evolutionarily conserved mechanism classically 
observed to target and remove pathogens after host cellular invasion [175, 177, 178]. Though 
autophagy is a well-studied cellular mechanism, xenophagy is a relatively newly observed 
phenomenon [179]. The use of the word can be found as early as the 1980s in literature, but 
concrete signaling studies came about only at the beginning of the 21st century [178, 179]. This 
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suggests that the specific mechanisms for confirming xenophagy have not reached a full consensus 
or is not fully understood.   
However, a number of studies have confirmed the occurrence of xenophagy [168]. For 
example, autophagosomes can form around M. tuberculosis after their phagocytic compartment is 
permeabilized, leading to targeting of the bacteria to lysosomes for degradation [180]; myeloid-
specific deletion of the autophagy protein ATG5 results in an increased bacterial burden upon 
infection [181]. Furthermore, IFN-γ induces autophagosomal uptake of M. tuberculosis [182], 
suggesting that this instance of xenophagy may be particularly important for CAM-like 
macrophages. Consistent with this interpretation, macrophages expressing the CAM-associated 
marker TLR4 [55] form autophagosomes in vitro upon stimulation with LPS [183]. This may be 
particularly significant in the context of UTI, since mice lacking TLR4 on their neutrophils and 
macrophages have an increased bacterial burden [56]. Inhibiting xenophagy results in a reduction 
in co-localization of M. tuberculosis with autophagosomal markers. This co-localization results 
from recognition of the bacterial ligand LPS by TLR4 on the surface of macrophages [183]. Other 
extracellular signals can also promote pathogen clearance via xenophagy [184], including entry of 
Y. enterocolitica into macrophages [185]. Furthermore, treatment with CD154, an agonist of the 
CAM-associated-stimulatory molecule CD40 on the macrophage surface (Fig 2), induces fusion 
of vesicles with compartments containing fluorescently-labelled T. gondii [186]. Thus signals 
typically associated with phagocytosis of extracellular bacteria can also promote autophagy.  
Just as extracellular phagocytic receptors can positively regulate autophagy, autophagy 
proteins can negatively regulate expression of extracellular phagocytic receptors. ATG7-deficient 
mice challenged intranasally with M. tuberculosis bovis were colonized with more bacteria than 
wild type controls. This was the case despite their bone marrow derived macrophages (BMDMs), 
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peritoneal macrophages (pMacs), and alveolar macrophages taking up more E. coli and M. 
tuberculosis in vitro due to increased expression of MARCO and SR-A1 [57]. Furthermore, 
primary macrophages with genetic deficiencies in the autophagy genes Atg3 and Atg7 also 
increase MARCO and SR-A1 expression, and increase uptake of bacteria such as E. coli [57], 
while autophagy is known to be involved in processing of MARCO [187] 
How a pathogen responds to phagocytosis and xenophagy influences the intracellular survival 
of those cells. Many pathogens have evolved means of avoiding phagocytosis and xenophagic 
consumption [176, 188-195], while others avoid xenophagic consumption through mechanisms 
such as the release of toxins [180, 185, 196, 197]. B. abortus, for example, utilizes endosomal 
trafficking to enter the cell, but is able to avoid consumption by autophagosomes [194]. 
Xenophagy is also essential for effective clearance of M. tuberculosis in vivo since mice with 
deletions in the autophagy gene Atg5 in their monocytes and macrophages display increased 
bacterial titers in their lungs, spleen, and liver [180]. In contrast, UPEC highjacks the autophagic 
pathway for prolonged intracellular survival within QIRs [192, 193, 198]. These QIRs exist in 
autophagosomes which would traditionally seem hostile to the pathogen instead of a source of 
refuge. This is hypothesized to lead to recurring UTIs in patients [198]. 
Phagocytic and xenophagic recognition of pathogens typically results in downstream effects. 
For example, Nod-like receptor 2 (NOD2) is an intracellular receptor that recognizes bacteria and 
can induce xenophagy in response to bacterial recognition. Engagement of NOD2 on DCs 
increases DC expression of human leukocyte antigen – antigen D related (HLA-DR), a molecule 
involved in antigen presentation. However, this increase was absent in cells encoding a Crohn’s 
disease-associated variant of the autophagy protein ATG16L1, thereby confirming a role for this 
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autophagy protein in antigen presentation downstream of NOD-mediated pathogen recognition 
[199].  
Furthermore, recognition of bacteria via TLR4 leads to activation of the NLRP3 
inflammasome, an intracellular, inflammatory signaling system downstream of the Nod-like 
receptor family, pyrin domain containing 3 protein (NLRP3). The NLRP3 inflammasome 
increases production of the inflammatory cytokine IL-1β by these ATG16L1-deficient 
macrophages in comparison to control macrophages. Blocking IL-1β signaling in ATG16L1-
deficient mice results in reduced bacterial clearance and ATG16L1 deficiency increases neutrophil 
recruitment [35, 36]. This reflects a pattern in which deficiency in autophagy proteins results in 
increase inflammation associated with pathogen clearance. For example, M. tuberculosis infection 
of mice with genomic deletions in Atg5 in their monocytes and macrophages results in increased 
lung levels of inflammatory cytokines such as IL-6 and TNF-α in comparison to mice with 
functional Atg5 [180].  
As previously mentioned, autophagy proteins are not only involved in xenophagy, but in 
inflammation as well. This influence on inflammation is crucial since the immune system must 
strike a careful balance between being active enough to combat infections but not cause 
hyperinflammatory disease. Excessive bacterial growth may promote ineffective, excessive 
inflammation. In these cases, promoting autophagy can promote bacterial clearance and thereby 
inhibit this excessive inflammation. For instance, in mice treated with intra-tracheally with the 
bacteria B. cenocepacia, induction of autophagy results in less recruited inflammatory cells and 
less tissue hemorrhaging [200].  
In contrast to this, autophagy proteins can inhibit bacterial clearance by negatively regulating 
the inflammation required to clear bacteria. In support of the role of autophagy proteins in the 
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inflammation that helps clear UPEC, LyzM-Cre Atg16l1fl/fl mice have elevated serum IL-1α levels 
as compared to control mice, and recruit more neutrophils, and clear UPEC faster in response to 
UPEC infection [35]. This suggests that ATG16L1-deficient macrophages may be skewed towards 
a more classically activated phenotype that allows them to more efficiently clear bacteria, despite 
possible defects in xenophagy. ATG16L1HM mice also display enhanced UPEC clearance and 
increased monocyte/macrophage recruitment when compared to control mice, along with 
enhanced epithelial cell regeneration and decreased inflammation six days post-infection [35, 198]. 
However, deficiency in autophagy proteins may skew the balance too far in the direction of 
inflammation and CAM-differentiation. For example, hyper-inflammatory ATGL16L1-deficient 
macrophages may harm the host [201], given that human polymorphisms in Atg16L1 are 
associated with the chronic inflammatory condition Crohn’s Disease [202-207]. Similarly, a 
myeloid-cell-specific Atg5 deletion resulted in elevated levels of the inflammatory cytokine IL-
1α, even in the absence of infection [181], and skewed macrophages towards an inflammatory 
CAM-like phenotype and away from an anti-inflammatory AAM-like phenotype [208]. The host 
must therefore strike a balance with respect to inflammatory CAM-like macrophages and anti-
inflammatory AAM-like macrophages; the host needs to promote enough inflammation to clear 
bacteria, with subsequent dampening of inflammation to avoid irreparable damage to host tissue. 
 Conversely, bacteria such as UPEC may attempt to skew the balance in the favor of AAM-
differentiation. For example, UPEC can suppress production of pro-inflammatory cytokines and 
limit the neutrophil migration that results from inflammatory cytokine production [48, 49]. It 
remains unclear, however, how AAM-like and CAM-like macrophages influence the host response 
to UPEC. AAM-like macrophages may promote bacterial survival by inhibiting the inflammation 
required for killing bacteria and by providing bacteria with access to intra-macrophagic and/or 
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extra-macrophagic iron. Consistent with this, UPEC may persist within macrophages without 
degradation [46], as do a number of other bacteria via preventing phagosome acidification or 
employing the host cell autophagy machinery [194, 209, 210]. UPEC may therefore exploit AAM-
like macrophages as a target for infection, as a source of metabolites such as iron, and as a means 
of dampening inflammatory responses. In contrast, CAM-like macrophages may limit UPEC 
survival and persistence during a UTI by phagocytosing UPEC and limiting the ability of UPEC 
to access iron. 
 
1.7  Key questions addressed by this thesis 
 
Previous work has shown that bladder macrophages in recruiting host innate immune cells 
upon UPEC infection [27]. However, it is unclear what other roles bladder macrophages might 
play in the host response to UPEC. We know that in other infection systems, pro-inflammatory 
macrophages are known to promote clearance of bacteria. Thus, factors that limit macrophage 
inflammatory may promote bacterial survival. Autophagy proteins such as ATG16L1 are one such 
factor; since the autophagy protein ATG16L1 is known to limit UPEC-induced macrophage 
production of the inflammatory cytokine IL-1β. We therefore hypothesize that ATG16L1 
suppresses the host response to UPEC by suppressing IL-1β production by pro-inflammatory 
macrophages.  
Pro-inflammatory macrophages are also known retain free iron, limiting the ability of bacteria 
to access host iron and thereby inhibiting bacterial survival. Host iron retention is known to be 
promoted by IL-6, a pro-inflammatory cytokine produced during the host response to UPEC. It 
remains unclear, however, what role IL-6 plays in the macrophage iron regulation response during 
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a UTI. We hypothesize that macrophages, in response to UPEC infection, retain free iron and 
release lipocalin 2, thereby limiting the ability of UPEC to access host iron. We also hypothesize 
macrophage IL-6 signaling is required for macrophages to limit UPEC survival under high iron 
conditions.  
In addition to limiting host access to iron, macrophages also promote bacterial clearance by 
using phagocytic receptors to clear bacteria. Modulation of macrophage scavenger receptor 
expression might therefore affect the host response to UPEC. Macrophages and dendritic cells can 
also promote host recovery from infection by using phagocytic scavenger receptors to clear 
apoptotic host cells, particles, and other damaged host ligands. Though the phagocytic receptor 
TLR4 has been shown to be crucial in macrophage clearance of UPEC, the role of other phagocytic 
receptors in the host response to UPEC remains unclear. We hypothesize that during a UTI, bladder 
macrophages and dendritic cells express scavenger receptors that recognize bacteria, apoptotic 
cells, particles/debris, and host ligands, thereby promoting the host response to UPEC. 
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FIG 1 UPEC pathogenesis and the host response to UPEC. (A) Summary of the infection cycle of the uropathogenic E. 
coli (UPEC) that cause the majority of urinary tract infections (UTIs). UPEC infect superficial bladder epithelial cells, 
establishing IBCs with 6 hours post-infection (hpi). The host clears these IBCs by exfoliating infected epithelial cells into 
the urine. UPEC can also establish long-term QIRs that are resistant to bacteria. UPEC can emerge from these QIRs to 
infect nearby epithelial cells and thus establish a cycle of recurrent UTIs. (B) Depiction of the recruitment of innate immune 
cells to the bladder in response to UPEC. Tissue-resident Ly6C- macrophages release chemokines that recruit neutrophils 
and inflammatory Ly6C+ macrophages. Recruited Ly6C+ macrophages also promote the neutrophil recruitment. 
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FIG 2 Functions of classically activated, and alternative activated, macrophages. Classically activated macrophages 
(CAMs) are develop under inflammatory conditions. CAMs phagocytose and clear bacteria, while limiting the ability of 
bacteria to access iron. In contrast, alternative activated macrophages (AAMs) develop under anti-inflammatory or in the 
absence of infection. AAMs promote tissue repair, provide host cells with access to extracellular iron, and maintain 
homeostasis by clearing apoptotic host cells.  
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FIG 3 IRP regulate translation of host iron markers. Host cells use iron regulatory proteins 1 and 2 (IRP1 and IRP2) to 
main iron homeostasis under a range of iron conditions. If intracellular free iron levels become too low, IRP1/2 bind to 
iron response elements (IREs) on the mRNA of ferritin, ferroportin, transferring receptor (Tfr1), and divalent metal 
transporter (Dmt1). This inhibits ferroportin and ferritin translation, limiting the release of free iron from the cell and 
providing the host with access to ferritin-bound iron, respectively. IRP1/2 also facilitates the translation of Tfr1 and Dmt1, 
thereby providing the host with access to transferrin bound iron. Conversely, if intracellular free iron levels become too 
high, IRP2 is degraded and IRP1 is converted to an inactive form bound to iron-sulfur clusters. This promotes the translation 
of ferroportin and ferritin, promoting the release of free iron from the cell and the storage of iron on intracellular ferritin.  
Furthermore, Tfr1 and Dmt1 mRNA is degraded regulate, limiting host access to free iron liberated from transferrin. 
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FIG 4 Macrophages regulate host iron homeostasis. (A) In the absence of infection, macrophages release free iron, thereby 
providing host cells with access to extracellular iron. (B) Upon infection, macrophages retain free iron in a ferritin-bound 
form and inhibiting the release of free of iron through ferroportin, thereby limiting bacterial access to extracellular free 
iron. Macrophages further limit bacterial access by releasing lipocalin 2, which binds to extracellular siderophore-bound 
iron. Macrophages then endocytose this siderophore-bound iron via lipocalin 2 receptor, thus limiting preventing bacteria 
from accessing host iron through the use of bacteria sideophores. 
24
infection macrophages liver hepatocytes host cells
IL-6 hepcidin
hepcidin
ferroportin ferritin-iron
FIG 5 IL-6 promotes iron retention in response to infection. In response to infection, macrophages produce the pro-
inflammatory cytokine IL-6. IL-6 induces hepcidin production and release by liver hepatocytes. Hepcidin then inhibits the 
iron exporter ferroportin, resulting in the retention of free iron within host cells, including macrophages. This limits the 
pool of extracellular free iron accessible to pathogenic bacteria. 
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2.1 Abstract 
  
 Xenophagy is an autophagic phenomenon that specifically involves pathogens and other non-
host entities. Although the understanding of the relationship between autophagosomes and 
invading organisms has grown significantly in the past decade, the exact steps to confirm 
xenophagy has been not been thoroughly defined. Here we describe a methodical approach to 
confirming autophagy, its interaction with bacterial invasion, as well as the specific type of 
autophagic formation (i.e. autophagosome, autolysosome, phagolysosome). Further, we argue that 
xenophagy is not limited to pathogen interaction with autophagosome, but also non-microbial 
entities such as iron.  
 
2.2 Review 
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1. INTRODUCTION  
 Autophagy is a response of a number of cellular mechanisms focused on degradation and 
recycling of damaged organelles and proteins [173, 211]. Autophagy is the sum of a complex 
signaling pathway that leads to the generation of a double-membrane organelle [173]. This 
organelle called an autophagosome can consume damaged organelles and proteins [173]. These 
components can be degraded after fusion of the autophagosome with a lysosome (creating an 
autolysosome) [173]. It must be stressed that autophagic activity is measured by autophagic flux 
and not the overall amount of any autophagy structure alone [173]. As stated in the Guidelines for 
the Use and Interpretation of Assays for Monitoring Autophagy, accumulation of autophagosomes 
or autophagy proteins may serve as a red herring [173]. The experimental steps discussed below 
will help to confirm not just autophagic response, but also the presence of autophagic flux.   
 Recently, there has been a growing interest in selective autophagy which designates specific 
targets for the autophagic response [176, 211-213]. These targets include organelles such as the 
mitochondria (mitophagy) and peroxisomes (pexophagy) to name a few [171, 211, 214-217]. 
Autophagy of foreign entities such as bacteria, viruses, and other pathogens is termed xenophagy, 
the focus of the current review. [175, 177, 179, 211, 215-222]. Selective autophagy has grown in 
recent years to include very specific cellular events including symbiophagy (autophagic 
consumption of symbiotes) and ferritinophagy (processing of iron via autophagosomes). Since 
xenophagy covers a broad range of foreign pathogens, we have focused on an in-depth review of 
methods and techniques specific for bacteria related autophagy. We also introduce the concept of 
ferritinophagy as a potential subtype of xenophagy.  
  
1.1 Definition and history of xenophagy 
28 
 
 Xenophagy is an evolutionarily conserved mechanism classically observed to target and 
remove pathogens after host cellular invasion [175, 177, 178]. Though autophagy is a well-studied 
cellular mechanism surprisingly, xenophagy is a relatively newly observed phenomenon [179]. 
The use of the word can be found as early as the 1980s in literature, but concrete signaling studies 
came about only at the beginning of the 21st century [178, 179]. This suggests that the specific 
mechanisms for confirming xenophagy have not reached a full consensus or is not fully 
understood. Indeed, the most common means of elucidating xenophagy is utilizing the 
standardized experimental producers of autophagy [173]. While these steps are critical to confirm 
the formation of autophagosomes related to pathogenic invasion, further measures are needed to 
validate both the presences of the pathogen in the membrane as well as the specific type of 
autophagic membrane.  
 
1.2 Different forms of xenophagy 
Pathogens have evolved to evade or subvert xenophagic activity by inhibition of autophagic 
response [188, 191, 217-219, 223, 224]. Interestingly, this subversion may have helped lead to the 
development of symbiotic bacterial relationships [225]. Many pathogens have evolved means of 
avoiding phagocytosis and autophagic consumption [176, 188-193]. Brucella abortus, for 
example, has been shown to utilize endosomal trafficking to enter the cell, but is able to avoid 
consumption by autophagosomes [194]. In contrast, uropathogenic Escherichia coli (UPEC) (the 
primary pathogen involved in urinary tract infections, [UTIs]) highjacks the autophagic pathway 
for prolonged intracellular survival within quiescent intracellular reservoirs (QIRS) [192, 193, 
198]. Interestingly, these QIRs exist in autophagosomes which would traditionally seem hostile to 
the pathogen instead of a source of refuge. This is hypothesized to lead to recurring UTIs in patients 
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[198]. Similarly, a number of other bacteria seek out autophagy for self-preservation [194, 195], 
while others avoid autophagic consumption by mechanisms including the release of toxins [180, 
185, 196, 226]. One group has found that increased stress of organisms with bacterial symbiosis 
leads to increased autophagic consumption of the bacteria (symbiophagy) leading to loss of 
symbiosis and potential cell death of the host [225, 227]. We refer the reader to an excellent and 
comprehensive review by Pareja et.al. for further examples [197].  
 Though xenophagy traditionally refers to pathogenic and viral invasion, the term “xeno-” refers 
to any foreign object including metals. Recently, a number of papers have shown evidence that 
iron regulation is processed and regulated by autophagy [75, 170, 171, 228]. This activity has 
recently been coined ferritinophagy [170]. We propose that this newly found autophagy activity 
should be considered as a form of xenophagy since it’s a response to a foreign body (xeno) and 
not the host (auto). Although ferritinophagy responses to a host protein (ferritin), the mechanism 
of activation only occurs due to an outside stimulus (iron). 
 Due to the large array of factors leading to induction and formation of xenophagy, it is 
important to experimentally elucidate which form is being observed. In this review, we will 
address the important mechanisms to observe and the experimental steps required to confirm 
xenophagy as well as the specific type. We will first address autophagy basics, followed by how 
to confirm a pathogen is the cause of autophagic response, and then address how to experimentally 
distinguish between induction of macroautophagy, autophagolysosome formation, and LC3-
Associated Phagocytosis (LAP). Finally, we will briefly address how to identify ferritinophagy. It 
is advisable for anyone interested in autophagy research, to also utilize the review article 
“Guidelines for the use and interpretation of assays for monitoring autophagy” by Klionsky et.al. 
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[173]. This incredibly detailed review is a compilation of techniques for validating autophagy 
agreed upon by majority of the leaders in the field. 
 
2. Methods to detect xenophagy 
 
2.1. LC3 conversion (aka flux) 
 Pathogens by nature can enter a cell via phagocytosis [176, 229-231]. Brucella for example 
utilizes phagocytosis to gain entry to the intracellular environment [194]. This process leads to a 
phagosome inside the cell containing the invading pathogens [230]. Lysosomes can fuse with the 
phagolysosome and lead to degradation of the pathogen thus forgoing full autophagy [230]. A key 
difference between phagolysosomes and autolysosomes is the involvement of LC3-II proteins 
[230].   
The critical steps in confirmation of autophagy are showing evidence of increased autophagic 
protein response and turnover of autophagosomes (i.e. fusion with lysosomes and degradation of 
the autolysosome) [173, 232]. Protein response is classically determined via LC3-I conversion to 
LC3-II [173, 233]. LC3 is a light chain protein involved in microtubule function and expressed 
throughout all tissue types [173, 232, 233]. The formation of a phagophore induces conversion of 
LC3-I to LC3-II which binds to the forming autophagosome providing structural stability [173, 
233]. It is only after degradation of LC3-II in the autolysosome that true autophagic flux occurs 
[173]. After degradation of the autolysosome, LC3-II on the cytosolic side is recycled back into 
LC3-I and re-utilized while LC3-II from the luminal side is degraded [173, 233].  
 LC3 conversion upon pathogen association can be detected via western blot analysis. Samples 
with and without pathogenic challenge could be processed for western blot analysis. Conversion 
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between LC3-I (18kD) protein to LC3-II (16kDa) is observable but requires careful handling. The 
gels should be around 12% or higher and run until the samples are near the end of the gel. This 
allows for full separation of the bands. To improve band clarity, it is advisable to run the gel at a 
low voltage (100 volts or lower) and to use cold (4C) running buffer. Both of these steps will 
improve band clarity and reduce sheering. Finally, it is advisable to not freeze your protein lysates 
before running them on a gel. LC3-I stability is particularly sensitive to degradation and freezing 
of the sample will lower detection levels. It is advisable, to not rely on modulation of LC3-I when 
determining autophagic activity. LC3-II in contrast, is more stable due to its 
phosphatidylethanolamine conjugate and thus more reliable [173]. As such, increased LC3-II is a 
strong indication of autophagic activation.  
 An additional assay for LCII conversion is via an EGFP-LC3 immunofluorescence assay [173]. 
An EGFP plasmid can be transfected into cells and monitored before and after addition of 
pathogenic bacteria. A number of EGFP-LC3 plasmids are available for purchase through 
suppliers such as Addgene (Cambridge, Massachusetts). EGFP-LC3 will appear diffuse as LC3-I 
but upon conversion to LC3-II it appears as puncta. It is advisable to have a high threshold (around 
20 punctae per cell) when confirming autophagy activation. One essential element is to ensure that 
the level of LC3 staining is significantly higher than background. Another useful assay is the use 
of a mRFP/mCherry-GFP-LC3 plasmid. The dual colors help to determine the location of the 
autophagosome. The GFP portion of the plasmid is sensitive to acidification present in the 
lysosome (i.e. after an autophagosome fuses with a lysosome). In contrast, the RFP/mCherry 
portion is stable under acidic conditions [173]. Thus co-localization of the two colors (i.e. yellow) 
would indicate the autophagosomes have not fused with lysosomes while only red staining would 
infer autophagic turnover.  
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2.2 Inhibition of autophagosome-lysosome fusion:  
Autophagy involves specific mechanisms for the formation of the phagophore (the early stage 
of an autophagosome) and fusion with the lysosome [173, 232]. The type of membrane formation 
is particularly critical in xenophagy as formation of the membrane structure around the pathogen 
is defined differently depending on its origin [230]. This process involves the formation of a 
double-membrane organelle from a phagophore. This collects damaged protein, organelles, and 
(in the case of xenophagy) pathogens to breakdown and recycle [178, 179, 211, 234]. 
Autophagosome proteins (termed ATG gene/proteins) help elongate the phagophore leading to the 
formation of a double-membrane organelle. This structure is composed of LC3-II that was 
converted from LC3-I. The final step involves fusion with the lysosome leading to the creation of 
an autolysosome allowing for breakdown of the engulfed components [173] (Fig 1). 
 It must be stressed, that increased LC-II is indicative of increased autophagosomes but not 
autolysosomes necessarily (Fig 1). Indeed, autophagosomes may be forming and accumulating, 
but not necessarily containing sequestered pathogens [175, 194, 235]. The presence or absence of 
microbes is important to determine for proper interpretation of data. A number of assays have been 
developed to help elucidate the nature of the autophagic response observed.  
 
2.2.1 The classical technique is inhibition of lysosomal fusion via chloroquine or bafilomycin-
1A [173]. A comparison between samples treated with the inhibitor alone and the inhibitor 
with the pathogen of interest is required to determine the autophagic flux. Both inhibitors 
disrupt fusion of lysosomes and autophagosomes by altering the protein pump system of 
the lysosome [173]. Specifically, the inhibitors block vacuolar type H(+)-ATPase 
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preventing acidification of lysosomes. The inhibition of fusion in turn leads to an 
accumulation of LC3-II (i.e. autophagosomal accumulation) [173]. Further accumulation 
of LC3-II in the experimental group compared to the untreated (with inhibitor only) would 
imply autophagic turnover was occurring.  
 
2.3 Xenophagy Pathway markers for western blotting:  
Other markers of xenophagy that could be used for western blot include p62, ATG proteins, 
LAMP1/2, and upstream markers such as Beclin-1, mTOR, and AMPK [173, 236]. Increased 
LAMP 1/2 activity is indicative of increased co-localization of lysosomes with autophagosomes. 
This indirectly suggests an increase of autophagosome fusion with lysosomes. Lysosome detection 
can also be determined utilizing fluorescent tags such as lysotracker. An increase of stained 
lysosomes (detected through immunofluorescence imaging) would support changes observed in 
LAMP 1/2 [173, 236]. Alterations in p62 levels are often utilized as further confirmation of the 
LC3-II data [173]. p62 functions as a ubiquitin-binding protein and as such tags specific proteins 
for degradation via autophagy [174]. Since p62 is tagged to the damaged proteins and organelles, 
it is also degraded via autolysosomes [236]. The degradation leads to a decrease in p62 levels that 
can be observed via western analysis. An increase of LC3-II typically occurs in tandem to a 
decrease in p62. However, other reports have shown p62-independent autophagic induction 
suggesting additional roles for p62 [174, 237]. It is important to consider that activation of 
autophagic proteins does not necessarily infer autophagy. A number of studies have shown 
invading pathogens can lead to induction of individual autophagic proteins (ATGs) without 
inducing autophagy[35, 198, 203, 238]. It is only through rigorous experimental confirmation that 
autophagy can be directly contributed to bacterial invasion.  
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2.4 Genetic modulation of xenophagy (siRNA studies):  
 Autophagosome assembly proteins (ATG proteins) inherently seem useful in determining 
increased autophagosome activity. However, most of these proteins are stable and changes in 
overall level of ATG proteins often remain unchanged. A better alternative is to inhibit production 
of these proteins via siRNA (small interfering RNA) or shRNA (small hairpin RNA) transiently. 
For example, siRNAs against specific inflammatory pathways downstream of xenophagy can 
reveal whether xenophagic clearance of the pathogen is independent or dependent of said 
pathways.  
 Knockdown of ATG proteins (common targets include ATG5, ATG7, ATG16L1, ULK1) 
should inhibit assembly of the autophagosome [173, 236]. This can be visualized via decreased 
LC3-II levels. When performing knockdown studies, it is advisable to achieve as large of a 
knockout as possible. Often autophagy can still be functional unless there is nearly complete 
depletion of protein signal (greater than 90%). As a result, it is suggested to perform a double 
siRNA transfection if the first round is unsuccessful at decreasing LC3-II response. Upstream 
inducers of autophagy such as Beclin-1 and AMPK may also be targeted via siRNA or inhibitors 
(3-MA for Beclin-1) for reversal of autophagy activation (detected via LC3-II) [173, 236]. 
Similarly, inhibition of AMPK or Beclin-1 may not reverse the autophagy pathway response if the 
pathways are not activated. AMPK initiates autophagy during period of glucose deprivation and 
starvation [236, 239]. This might not necessarily occur in a pathogenic induction of autophagy. 
Further, a number of studies have shown independence to Beclin-1 upon activation of autophagy 
[75, 240]. Due to these variables, it is important to stress that negative results from any individual 
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knockdown is not enough to disprove autophagosome formation. In tandem, multiple targets are 
required to support autophagic induction as well.  
 
2.5. Chemical modulation of xenophagy 
 One less reliable means of determining xenophagic activation is to chemically induce the 
process. Classical means of autophagic activation include utilization of rapamycin or starvation 
[173]. Rapamycin inhibits the mTOR signaling pathway which would otherwise block autophagic 
induction [236]. Similarly starvation induces the AMPK and mTOR signaling pathways that sense 
nutrient deprivation [173, 239]. The lack of essential amino acids will signal the activation of 
autophagy in order to break down proteins and organelles to produce nutrients. These techniques 
in theory should augment the xenophagic response in any given model. Inhibitors and inducers of 
xenophagy can also be used to determine the effects of xenophagy in model systems. Well-known 
inducers include rapamycin and starvation, while inhibitors include Wortmannin, chloroquine, 
bafilomycin, and 3-methyladenine (3-MA) [183, 186, 196, 241-243]. Furthermore, some 
inflammatory cytokines such as IFN-γ induce xenophagy in macrophages [244-246].  
 
3. LC3 Associated Phagocytosis (LAP): Recently, studies have revealed a more complicated 
process for pathogenic processing in phagosomes [247-250]. Pathogens engulfed by phagosomes 
may also be sequestered by autophagosomes (see Fig 1). This is then followed by fusion with a 
lysosome leading to the formation of an autolysosome that can breakdown the pathogen [247]. It 
is important to note, that engulfing a phagosome or a pathogen alone share the same terminology. 
Both lead to the formation of an autolysosome. In contrast, LC3 associated phagocytosis (LAP) 
does not involve autophagosome sequestration. Instead, LC3 binds to a recently formed 
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phagosome. Interestingly, unlike macroautophagy, LAP LC3-II is not recycled on the cytosolic 
side. The LC3-II thus does not turn over after degradation of the LAP vesicle.  
In terms of pathogens and foreign invaders, it is important to consider that LC3-II increase 
may serve as a red herring in autophagic studies. A number of studies have shown a non-canonical 
form of autophagy can occur upon invasion of pathogens via phagocytosis [247-250]. LC3-II can 
bind to a phagophore upon entrance of the cell marking it for lysosomal fusion creating an 
autophagolysosome. LAP is believed to occur as a means of preventing pathogenic harm to 
invaded cells. This mechanism of xenophagy forgoes double membraned autophagosome 
formation [247]. Thus it is critical to elucidate the exact form of xenophagy for any selected 
pathogen. Autophagosomal involvement can be confirmed or dismissed based on involvement of 
downstream and upstream regulators of the pathway.  
There are a number paths a pathogen can take once it invades the host cell. The pathogen may 
escape into the cytosol or remain in the phagosome. Damaged phagosomes may be targeted by 
lysosomes which fuse and form a phagolysosome. This process may be inhibited by bafilomycin 
or chloroquine (Fig 1-1). The phagosome may also be recruited by a phagophore that develops 
into a double bound autophagosome. This may then fuse with a lysosome leading to the formation 
of an autophagolysosome. This can be inhibited by bafilomycin or chloroquine (Fig 1-1) or 
inhibition of autophagy regulating proteins (Fig 1-2). A phagosome may also recruit LC3-II 
leading to the formation of a LAP. This may then recruit a lysosome for fusion once again creating 
an autophagolysosome. This can be inhibited by bafilomycin or chloroquine (Fig 1-1) but not with 
inhibition of autophagy regulating proteins (Fig 1-2). Lastly, pathogens free in the cytosol can be 
engulfed by classical autophagic induction leading a double bound autophagosome, fusion with a 
lysosome, and then eventual autolysosome. Again, this process can be inhibited by bafilomycin or 
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chloroquine (Fig 1; 1) or inhibition of autophagy regulating proteins (Fig 1; 2). Further, 
macroautophagy can be induced via nutrient deprivation (Fig 1; 3).  
Due to the similarities of LAP and xenophagy, it can be difficult to distinguish the two. Some 
groups have shown formation and movement of LAP vesicles via live cell imaging and TEMs 
[247-250]. LAP is also considered to be induced in the presence of high reactive oxygen species 
(ROS) [251, 252]. Recent work has shown LAP activity may be independent of ULK1/ATG [224, 
248]. Further LAP vesicles do not contain p62 and other ubiquitin like substrates commonly 
associated with macroautophagy [211, 249]. Increased expression of endosomal markers shown 
via western blot analysis may also infer LAP formation, but for now visual confirmation of LAP 
is critical.   
 
4. Determining Host-Pathogen Interactions  
 
4.1 Methods to elucidate bacterial recognition 
 
4.1.1 Transmission Electron Microscopy (TEM): 
  Above all else, the “gold standard” for autophagy confirmation is the utilization of TEMs 
[173]. TEMs provide visualization of double-membrane organelle that may occur due to 
experimental conditions [173]. A properly devised time course will allow detection of formation 
of autophagosomes (consumption of pathogens or damages organelles), double bound membrane 
autophagosomes, lysosomes, and autolysosomes. It is important to note that it is visually difficult 
to distinguish lysosomes and autolysosomes from one another. Both appear as electron dense (dark 
in coloration) spheres with a single membrane [253]. This labeling can tag either the pathogens of 
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interest or a known protein consumed by autophagosomes (such as p62), allowing for a potential 
differentiation between lysosomes and autolysosomes 
 
4.1.2 Fluorescence Microscopy 
 Induction of autophagy upon pathogenic infection (in-vivo) or challenge (in-vitro) does 
provide support to xenophagic activity. However, it does not confirm the autophagosome or 
phagocyte is consuming the invading object. The easiest way to confirm pathogenic involvement 
in autophagy is by visualizing the pathogen inside the autophagosome, autolysosome, and/or the 
autophagolysosome.  
 Fluorescence microscopy facilitates visualization of autophagy and host-pathogen interactions. 
This can be combined with flow cytometry, another fluorescence-based technique, to track 
fluorescently labeled targets, as discussed in section 4.1.3. For example, one can detect the 
pathogen by directly conjugating the bacteria to a fluorophore, or by fluorescent antibodies against 
the microbe. Various dyes also allow for the marking of particular host cell compartments, such 
as lysotracker-mediated marking of acidic vesicular compartments [194, 199, 200, 254] and 
marking of autophagosomal compartments with CytoID Green autophagy dye [255]. One can 
induce expression of these fluorescently-labeled protein markers by transfecting cells with 
plasmids or viruses encoding these markers. Furthermore, one can conjugate fluorophores to other 
markers in the host cells including LC3, late endosomal/lysosomal markers such as LAMP1, and 
monodansylcadaverine [MDC] [183, 186, 194, 256-258]. Co-localization of fluorescently-labeled 
bacteria with lysotracker measures successful trafficking of bacteria to acidic compartments, while 
co-localization of MDC with LC3 allows for the measurement of autophagy and co-localization 
of LC3 with bacteria measures xenophagy [180, 183, 243, 254, 257, 258]. 
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 Though MDC is sometimes used as a marker of autophagosomes, LC3 is a superior 
autophagosomal marker since LC3 also stains MDC- autophagosomes, while MDC stains only 
acidic compartments [259]. MDC can be used as a marker for acidic autolysosomal compartments, 
given its co-localization with late endosomal markers such as CD63 and lysosomal markers such 
as lysotracker [259, 260]. Lysotracker can then be used as a lysosomal marker (autolysosomal or 
otherwise), while LC3 is used as a marker of autophagy. However, using LC3 as a marker of 
autophagy comes with certain caveats. First, LC3 may associate with phagosomes, as opposed to 
just autophagosomes, as discussed in section 3 in relation to LAP. Second, LC3 is not associated 
with some autophagosome-like vacuoles. LC3- MDC+, double-membrane compartments may 
serve house bacteria such as Brucella abortus, which enter these vacuoles as opposed to trafficking 
through the classical phagocytic pathway. These compartments fail to fuse with the lysosomal 
marker cathepsin D, suggesting that the host cell is unable to successfully degrade the bacteria and 
that the bacteria may use these LC3- MDC+, double-membrane vacuoles as an intracellular niche 
for evading degradation [261-263]. 
 One can use inhibitors of autophagosome and lysosome fusion to reverse co-localization of 
bacteria with lysosomal markers or to observe changes in the number of LC3-II positive 
compartments. For example, a reduction in co-localization of M. tuberculosis with LC3 and MDC 
was observed in response to inhibition of xenophagy. This co-localization resulted from 
recognition of the bacterial ligand lipopolysaccharide (LPS) by the extracellular pathogen 
recognition receptor TLR4 on the surface of macrophages [183]. Fluorescence microscopy 
therefore facilitated the identification of an extracellular receptor important for the induction of 
xenophagy. 
40 
 
  One can achieve similar results for markers for intracellular bacterial recognition as well [257, 
264], as shown by the tracking of components of an intracellular pathway for detecting bacteria 
DNA in relation fluorescently-labelled M. tuberculosis or autophagy proteins [180, 265]. 
Fluorescence microscopy with green fluorescent protein (GFP) tagged LC3 also revealed other 
extracellular signals that promote pathogen clearance via xenophagy [184], including entry of Y. 
enterocolitica into macrophages [185]. One can reveal other inducers of xenophagy by providing 
a signal, and then examining the co-localization of pathogen-containing vacuoles with late 
endosomal and/or lysosomal markers. For instance, treatment with CD154, an agonist of the co-
stimulatory molecule CD40 on the macrophage surface, induced fusion of LAMP1-positive 
vesicles with compartments containing fluorescently-labelled T. gondii [186]. Finally, 
fluorescence microscopy can also reveal pathways downstream of xenophagic recognition, as in 
the case of co-localization of pathogen-derived antigens with molecules involved in antigen 
presentation [256].    
4.1.3 Flow Cytometry 
 Flow cytometry, in contrast to fluorescence microscopy, allows one to quickly and easily to 
quantify xenophagy and autophagy in a large number of cells. The ImageStream-based flow 
cytometry assay is one particularly efficient way of measuring autophagy ([266, 267]); since the 
ImageStream system also takes single-cell images of thousands of cells [268, 269], it allows one 
to simultaneously depict co-localization in an image and quantify co-localization by flow 
cytometry. As with other flow-cytometry-based systems, one begins by generating host cells 
expressing fluorescently labeled targets such as LC3 and the lysosome marker LysoID, using the 
methods discussed in section 4.1.2. In order to remove cytosolic LC3-GFP and focus on lipidated 
membrane-associated LC3-GFP, one can permeabilize host cells with detergents such as digitonin 
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and saponin, followed by washing [270-273]. One can also stain these host cells with antibodies 
against specific host molecules in order to monitor autophagy just within cells positive for these 
host molecules. The cells are then run through the ImageStream flow cytometer, which measures 
LC3 fluorescence intensity, LysoID intensity, and LC3 co-localization with LysoID within each 
cell, enabling one to use flow cytometry to measure not only autophagy, but also fusion of 
autophagosomes with lysosomes [266]. To measure LAP (discussed in section 3), one can measure 
the co-localization of LC3 with fluorescently labeled phagocytic receptors. This differs from 
regular phagocytosis, where LC3 will not co-localize with phagocytic receptors. One can also 
differentiate LAP from xenophagy within this system, since fluorescently labeled p62 will co-
localize with LC3 during xenophagy, but not during LAP (as discussed in section 3). 
 One can also use flow cytometry to investigate the role of autophagy proteins in bacterial 
uptake in cells, particularly immune cells such as macrophages. As noted above, one first generates 
fluorescently labeled targets via the methods discussed in section 4.1.2. One can then measure 
bacterial uptake by infecting cells with fluorescent bacteria, forming a single-cell suspension from 
the infected cells, and then analyzing intracellular fluorescence via a flow cytometer [57, 246]. 
Expression of pathogen recognition receptors can also be measured applying fluorescent 
antibodies against these receptors. For example, flow cytometry with fluorescent antibodies 
against the extracellular scavenger receptors MARCO and SR-A1 revealed increased expression 
of these receptors by primary macrophages with genetic deficiencies in the autophagy proteins 
ATG3, ATG5, or ATG7 and increased uptake of bacteria such as Escherichia coli [57].  
 Xenophagic recognition of pathogens typically results in downstream effects. Flow cytometry 
can confirm the importance of autophagy proteins for these downstream effects and elucidate the 
effects themselves, including effects such as cell death and activation of inflammatory pathways 
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[181, 199, 274]. For example, application of a fluorescent antibody against HLA-DR, a molecule 
involved in antigen presentation, revealed an increase in HLA-DR levels in dendritic cells after 
the cells were treated with a molecule that binds Nod-like receptor 2 (NOD2), an intracellular 
receptor that recognizes bacteria and can induce xenophagy in response to bacterial recognition. 
However, this increase was absent in cells encoding a Crohn’s disease-associated variant of the 
autophagy protein ATG16L1, thereby confirming a role for this autophagy protein in antigen 
presentation downstream of NOD-mediated pathogen recognition [199].  
 
4.1.4. Inflammatory responses as measured by ELISA and tissue histology in the context of 
xenophagy 
 Xenophagic uptake and clearance pathogens often dampen inflammatory responses to those 
pathogens in vivo [180, 181, 200, 242, 246]. One may measure these reduced inflammatory 
responses via a number of techniques, including ELISAs against inflammatory cytokines and 
histological evaluation of inflammation from infected tissue. These methods complement in vitro 
measures of inflammatory responses, such as ELISAs for inflammatory cytokines release by 
infected macrophages, including IL-1, TNF-α and IL-6 [181, 184, 242, 264]. For example, M. 
tuberculosis infection of mice with genomic deletions in Atg5 in their monocytes and macrophages 
resulted in increased lung levels of inflammatory cytokines such as IL-6 and TNF-α in comparison 
to mice with functional Atg5, as measured by ELISA [180]. And in mice treated with intra-
tracheally with the bacteria B. cenocepacia, induction of autophagy via rapamycin resulted in less 
recruited inflammatory cells and less tissue hemorrhaging as determined by staining of lung 
sections with hematoxylin and eosin dyes [200]. Tissue histology results can also be supplemented 
by mouse survival studies in response to repressors of autophagy [241].  
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4.2 Bacterial survival measured by intracellular CFUs 
 How a pathogen responds to xenophagy influences the intracellular survival of those cells. A 
number of bacteria seek out xenophagy for self-preservation [194, 195], while others avoid 
xenophagic consumption through mechanisms such as the release of toxins [180, 185, 196]. 
Colony formation unit assays can help elucidate these pathogen-xenophagy relationships. 
Manipulation of autophagy proteins or levels of xenophagy should influence a pathogen engulfed 
via xenophagy both in vivo and in vitro, whether it be negative in terms of decreased CFU levels 
or positive in terms of increased CFU levels [35, 180, 181]. For example, xenophagy was essential 
for effective clearance of M. tuberculosis in vivo since mice with deletions in the autophagy gene 
Atg5 in their monocytes and macrophages displayed increased bacterial titers in their lungs, spleen, 
and liver as measured by CFUs, along with increased mortality in response to bacterial challenge 
[180]. Urinary and tissue CFU analyses revealed a pro-pathogenic role for autophagy and the 
autophagy protein, ATG16L1, as mice deficient for this protein were shown to be highly resistant 
to uropathogenic E. coli infection of the urinary tract as well as C. rodentium infection of the gut 
[35, 275]. 
 
5. Iron-induced xenophagy: Ferritinophagy 
 Iron is a critical element for cell survival [75, 76]. As a result, a stringent signaling mechanism 
has evolved to absorb and utilize iron for basic cell functions. Since free iron functions at oxidative 
state of +2, it can readily produce reactive oxygen species intracellularly [82, 87, 276]. As a result, 
cells utilize ferritin to store iron in unreactive state when not in use. It has been established, that to 
free iron from ferritin, lysosomes are needed to breakdown ferritin bound iron leading to release 
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and acidification of the unbound iron (acidification refers to conversion of iron from Fe+3 to Fe+2) 
[75, 76, 85, 89, 170, 172]. Recently, it has been suggested that autophagy plays a role in shuttling 
holo-ferritin (iron bound ferritin) to the lysosome (i.e. the autolysosome). One study has reported 
a specific mechanism for iron induced autophagy which they coined Ferritinophagy [170]. In short, 
NCOA4 was identified via proteomic profiling to induce autophagy directed at processing iron 
[170, 228]. This novel marker is currently the only unique autophagy inducer regulated by iron. 
There are a number of means to detect ferritinophagy. Typically, observations of iron induction of 
autophagy are observed via iron overload conditions. This means iron was administered at high 
levels, ranging from 50uM to 500uM levels, leading to increased iron intracellularly [75, 85-88]. 
The abundance of iron leads to a decrease in transferrin receptor levels (a cytokine involved in 
import of iron into the cell) and increase in the iron storage protein, ferritin [76, 89]. Both of these 
proteins are regulated at the transcriptional level by Iron Regulatory Proteins 1 and 2 (IRP-1, -2) 
[82]. Briefly, iron interacts with IRPs leading to increase of ferritin and decrease of transferrin 
receptor (along with a number of other iron regulatory proteins) [82]. These markers can be utilized 
to identify increased iron intracellularly either through western blot analysis, qPCR, or 
immunofluorescence as described earlier.  
 
5.1. Identifying iron induced autophagy:  
 Confirmation of autophagy can be performed using identical strategies to standard 
macroautophagy confirmation. This includes but is not limited to western blots, 
immunofluorescences, inhibitors, and TEMs. Circumstantial confirmation of ferritinophagy can 
be surmised by observing increased LC3-II after treatment with iron. Interestingly, p62 remains 
unchanged during treatment with iron even in the presences of increased LC3-II. This suggests 
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p62 may not be involved in iron recruitment to the autophagosome. Iron can be tracked 
traditionally via radiolabeling. One way to tag iron without radiolabeling includes calcein-AM 
[277, 278]. Calcein-AM is a cell permeable dye that will fluoresce green in living cells [277, 278]. 
Interestingly, the dye is quenched preferentially by redox active metals such as nickle, copper, and 
iron. To determine localization of iron with autolysosomes, one could stain with lysotracker for 
the lysosomes/autolysosomes and calcein-AM for iron [75, 85]. Further, iron can often be 
identified visually in TEMs alone [75]. However, immunogold staining of ferritin can help to 
officially validate that iron is being released in the autolysosome via holo-ferritin breakdown [279, 
280]. 
 
Conclusions and Suggestions 
  Recently, there has been a growing trend to subcategorize cell death and signaling responses, 
autophagy included. While the breakdown of autophagy into xenophagy, mitophagy, 
ferritinophagy, and so on may appear to be splitting hairs, it is an important step in further 
understanding the nuances of the overall mechanism. Indeed, while majority of the techniques 
used for xenophagy confirmation are identical to autophagy validation [173], xenophagy is 
macroautophagy but xenophagy does not account for all macroautophagy events. It is likely, in the 
near future a large number of host responses will be elucidated that lead to recruitment to the 
autophagosome.  
 
Glossary of Terms 
46 
 
Colony Formation Unit (CFU): An estimation of the overall number of a given pathogen 
occurring for a select experiment. CFUs may be utilized to determine overall levels of intracellular 
pathogen numbers 
Uropathogenic E. Coli (UPEC): The primary pathogenic bacteria involved in urinary tract 
infections. UPEC is considered to be linked to over 90% of UTIs.  
Quiescent Intracellular Reservoirs (QIRs): Non-replicating bacteria that maintain survival 
intracellularly. UPEC has been shown to utilize autophagosomes for QIR maintenance.  
LC3 Associated Phagocytosis (LAP): Phagosomes that utilize LC3 on their membrane but do 
not undergo autophagosome sequestration. This tags the phagosome for lysosome fusion leading 
to the formation of an autophagolysosome. 
Light Chain 3 (LC3): A light chain protein involved in microtubule function and expressed 
throughout all tissue types. LC3-I is converted to LC3-II by conjugating phosphatidylethanolamine 
with LC3-I. LC3-II localized to the autophagosomal membrane.  
3-Methyladenine (3-MA): An inhibitor of upstream signaling of autophagy. In particular, 3-MA 
targets the Beclin-1 / hvps34 complex that is able to initiate autophagosomal formation.  
Transmission Electron Microscopy (TEM): A microscopy technique that utilizes electrons 
transmitted through lasers. This allows one to view images at incredibly small sizes enabling visual 
confirmation of organelles such as autophagosomes 
Monodansylcadaverine (MDC): An autofluorescent marker that has been shown to localize 
specifically to autophagosomes.  
NOD-Like Receptor 2 (NOD2): An intracellular receptor that recognizes muramyl dipeptide 
from bacteria such as S. flexnri.  
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Iron Regulatory Proteins (IRPs): Proteins involved in the transcriptional regulation of proteins 
involved in iron homeostasis. 
Autophagic flux: The actual conversion of autophagosomes to autolysosomes. This helps to 
distinguish between accumulation of autophagosomes and actual autophagy turn over. 
Autolysosome: The product of the fusion of an autophagosome and a lysosome. This structure has 
a single membrane and electron dense. As a result, it can be easily confused for a lysosome via 
TEM analysis.  
Autophagosome: A double-membrane organelle structure that consumes damaged organelles, 
proteins, or invading pathogens.  
Autophagolysosome: The product of the fusion of a phagosome and a lysosome. 
Symbiophagy: A form of xenophagy that is specific to the targeting of a host’s symbiotic partner.  
Xenophagy: The specific term for autophagy targeting foreign entities such as bacteria, viruses, 
and other pathogens.  
Ferritinophagy: Autophagy that is believed to help regulate and process intracellular iron.  
Phagocytosis: The process of consuming extracellular material such as pathogens. This 
internalization occurs through the formation of an endosomal single membrane structure. 
Macroautophagy: The classical name for autophagy or a double-membrane organelle structure 
that consumes and degrades intracellular material.  
Rapamycin: Classically considered an immunosuppressive drug, rapamycin specifically targets 
the mTOR pathway. Inhibition of this pathway leads to increased production of autophagosomes 
and autophagy suggesting it can augment autophagic behavior 
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Bafilomycin / Chloroquine: Autophagy inhibitors that block the fusion of lysosomes with 
autophagosomes. These drugs block vacuolar type H(+)-ATPase preventing acidification of 
lysosomes that is crucial for membrane fusion.  
 
2.3 Acknowledgements 
 
This work was funded in part by the Reproductive Science Postdoctoral Training Program T32 
HD049305 (KAB); Pre-doctoral Training Program in Infectious Disease, T32 AI 007172-35 
(NOB), and R01 DK100644 (to IUM).
  
FIG 1 Model depicting multiple pathways of xenophagy. 
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Table 1
Chart distinguishing between xenophagy, LC3-associated phagocytosis, and phagocytosis.
Xenophagy LC3-Associated Phagocytosis Phagocytosis
LC3-II positive LC3-II positive LC3-II Negative
Double bound membrane ULK1/ATG1 independent Single membrane
Lysosome fusion Induced by ROS Lysosome fusion can occur
ULK1/ATG1 dependent
Table 1 Chart distinguishing between xenophagy, LC3-Associated phagocytosis, and phagocytosis.  
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3.1 Abstract 
  
 Urinary Tract Infections (UTIs) are frequent, commonly recurrent, and costly. Deficiency in a 
key autophagy protein, ATG16L1, protects mice from infection with the predominant bacterial 
cause of UTIs, Uropathogenic E. coli (UPEC). Here, we report that loss of ATG16L1 in 
macrophages accounts for this protective phenotype. Compared to wild-type macrophages, 
macrophages deficient in ATG16L1 exhibit increased uptake of UPEC and enhanced secretion of 
IL-1β. The increased IL-1β production is dependent upon activation of the NLRP3 inflammasome 
and caspase-1. IL-1β secretion was also enhanced during UPEC infection of ATG16L1 deficient 
mice in vivo, and inhibition of IL-1β signaling abrogates the ATG16L1-dependent protection from 
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UTIs. Our results argue that ATG16L1 normally suppresses a host-protective IL-1β response to 
UPEC by macrophages. 
 
3.2 Introduction 
  
 Half of all women will suffer from a urinary tract infection (UTI) at some point in their lives. 
Moreover, in the US, UTIs account for 8 million visits to emergency departments and clinics every 
year and 15% of all outpatient antibiotic prescriptions [2]. Despite effective clearance of the acute 
infection, as many as 10% of those who suffer from a UTI will go on to have recurrent infections 
that cannot be cured with antibiotics [3]. Thus, development of effective therapeutics will require 
an understanding of the ways in which bacteria infect the urinary tract and the defense mechanisms 
used by the host to combat the infection.  
 Uropathogenic E. coli (UPEC) is the causative agent in 75% of all UTIs [3]. Mouse models of 
UTI have revealed that clearance of UPEC from the bladder mucosa depends on the early 
recruitment of innate immune cells [56, 281]. On the other hand, UPEC have evolved several 
mechanisms to actively subvert recruitment and response of host immune cells [282, 283]. For 
example, UPEC suppress production of proinflammatory cytokines such as IL-6 [49] and attenuate 
the ability of neutrophils to migrate towards the sites of infection [48]. However, the exact 
molecular mechanisms underlying the recruitment and functionality of innate immune cells, 
especially those of the monocyte/macrophages lineage, in response to UPEC infection remains 
unclear. 
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 Host mucosal defense against pathogens requires coordination of multiple signaling pathways 
within innate immune cells. One such pathway is autophagy, a cellular recycling pathway 
responsible for lysosomal degradation of cytosolic components, including damaged organelles, 
protein aggregates and intracellular pathogens [219, 284]. The autophagy pathway in general, and 
the autophagy gene/protein ATG16L1 in particular, plays an important role in innate immune 
responses to infection [224]. A common polymorphism in ATG16L1 (T300A) remains prevalent 
within the Caucasian population and is associated with Crohn’s disease [204, 205], a form of 
inflammatory bowel disease. An open question remains as how this ‘bad’ risk allele is prevalent 
in the population.  
 Recent studies have revealed that autophagy and ATG16L1 can dampen activation of the 
innate immune response to infection as well as activation of inflammasomes [219, 224], key 
signaling complexes that detect pathogenic microorganisms and which in turn activate the highly 
pro-inflammatory cytokine interleukin-1β (IL-1β) [285]. In particular, ATG16L1 and autophagy 
have been suggested to play a role in the production of IL-1β [184, 201] as well as another pro-
inflammatory cytokine tumor necrosis factor alpha (TNF) [242, 286]. However, the mechanisms 
by which autophagy and ATG16L1 regulates the inflammasome in the context of infection are still 
uncertain. 
 We recently showed that mice deficient in ATG16L1 (Atg16L1HM [169, 287], carrying a 
hypomorphic allele that reduces Atg16l1 expression, cleared UPEC infection more rapidly and 
thoroughly than controls [35]. We further demonstrated that ATG16L1 deficiency in the 
hematopoietic compartment was the primary driver of increased clearance of UPEC, although the 
adaptive immune compartment did not contribute to the protective phenotype [35]. These findings 
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argue that loss of ATG16L1 in the innate immune system is responsible for resistance to UTIs, yet 
the underlying mechanism for this resistance remains to be examined. 
 In this report, we demonstrate that macrophages are essential for the control and clearance of 
UPEC from the bladders of ATG16L1-deficient mice. Mechanistic studies using primary 
macrophages revealed that loss of ATG16L1 increases bacterial uptake and enhances release of 
the cytokine IL-1β, but not TNF, in response to UPEC. The increased IL-1β production is 
independent of NOD2 or gross lysosomal damage, but is dependent on caspase-1 and the NLRP3 
inflammasome. Finally, we show that augmented IL-1β signaling is the primary mechanism 
responsible for enhanced clearance of UPEC from the urinary tract in ATG16L1-deficient mice. 
Together, our findings show that ATG16L1 deficiency makes macrophages better able to control 
UPEC infection in vivo during a UTI by regulating levels of IL-1β. Our findings have implications 
for elucidating how UPEC is able to evade host innate defenses to cause a UTI and suggest that 
polymorphisms in ATG16L1 may be maintained in the population because of protective effects 
from a common infection. 
 
3.3 Materials and methods 
 
Mice, treatments and infections. All protocols were approved by the animal studies committee 
of the Washington University School of Medicine (Animal Welfare Assurance #A-3381-01). Mice 
were maintained in a barrier facility under pathogen-free conditions and a strict 12-hour light/dark 
cycle. Atg16L1HM and wild type (WT) mice on a C57BL/6 background were used at 7-9 weeks of 
age for infection (females) or to obtain bone marrow derived macrophages (males). Atg16L1HM 
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mice were given two intraperitoneal (IP) injections of 100 mg/kg of clodronate-containing 
liposomes (clodrolip) or the equivalent amount of control liposomes: two days and again 30 
minutes (min) before infection. Mice were given two IP injections of 1 mg of Anakinra (Kineret, 
Swedish Orphan Biovitrum, Stockholm, Sweden) diluted in Dulbecco’s Phosphate Buffered Saline 
(DPBS): 16 hours and again 30 min before infection. For infections, the UPEC strain UTI89 was 
grown statically for 17 hours in Luria-Bertani broth at 37°C; anesthetized mice were transurethrally 
inoculated with 107 colony forming units (CFU) of UTI89 in 50 µl of PBS as previously described 
[288]. Urines from infected mice were collected at multiple time points, serially diluted in PBS, 
and plated on LB plates[288]. Three days post infection, bladders were aseptically removed, 
homogenized in 0.1% Triton-X, serially diluted in PBS, and plated on LB plates [35]. 
Flow cytometry analysis. Single-cell suspensions from spleens were stained with the following 
antibodies (eBioscience, San Diego, CA) or flourescent dyes at 1:100 dilutions unless stated: anti-
mouse GR1 FITC, anti-mouse F4/80 PE, anti-mouse CD11b APC, anti-mouse CD45 Pacific Blue, 
and 7AAD (1:500, AnaSpec Inc., Fremont, CA). Cells were fixed with 1% Paraformaldehyde 
(PFA) for 20 min with Actinomycin (ACROS Organics, Geel, Belgium). Stained cells were 
analyzed on a BD FACSCantoII using BD FACS DIVA software (BD Bioscience, San Jose, CA).  
Isolation, differentiation and challenge of bone marrow-derived macrophages (BMDMs). 
Bone marrow was aseptically isolated from Atg16L1HM, Tlr4-/-, Nlrp3-/-, Nlrc4-/-, Aim2-/-, Nod2-/-, 
Nod2-/-; Atg16L1HM, 129S6 (caspase-11 -/-), Caspase-1/Caspase-11 double knockout, and WT 
mice and differentiated on non-tissue-culture-treated petri dishes for 7 days at 37°C with 5% 
ambient CO2 in DMEM with 15% FBS, 30% L929 conditioned media, 1% Glutamax, 1% Na-
Pyruvate, and 1% Penicillin and Streptomycin. Then on day 7 post-isolation, non-attached cells 
were aspirated, and the media was changed to DMEM with 10% FBS, 1% Glutamax, and 1% Na-
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Pyruvate. On day 8, cells were incubated with ice-cold DPBS, removed with a cell scraper, 
counted, and plated at 5x105 cells/ml. On day 9, BMDMs were challenged with UTI89 or 
MG1655[289] grown as described above for mouse infections at a MOI of 0.1.  
Intracellular bacteria quantification. Intracellular CFU were determined by serially diluting and 
plating cell lysates from BMDMs that had been challenged with bacteria for 1 or 2 hours and then 
treated with 100 µg/ml gentamicin for 15 min. For bacterial survival time course, BMDMs were 
challenged with UPEC for 2 hours, treated with 100 µg/ml gentamicin for 1 hour, and then 10 
µg/ml gentamicin for the remaining time stated. For imaging analysis, cells were stained with 
rabbit anti-E. coli (1:500, US Biologicals, Swampscott, MA) [35] and rat anti-LAMP1 (1:50, clone 
ID4B; Developmental Studies Hybridoma Bank, Iowa City, IA) [35], and antigen-antibody 
complexes were detected with anti-rabbit Alexa Fluor-488-conjugated secondary antibody and 
anti-rat Alexa-594-conjugated secondary antibody (both at 1:500, Invitrogen; Carlsbad, CA). 
Images were obtained with a Zeiss Apotome microscope.  
ELISAs. BMDMs were incubated with UTI89, CFT073, or MG1655 for 2 hours, then treated with 
100 µg/ml gentamicin containing medium for 1 hour and finally incubated with 10 µg/ml 
gentamicin containing medium for 5 hours (8-hr samples) or 21 hours (24-hr samples) at which 
point the supernatant was collected for ELISAs. IL-1 DuoSet ELISA kit (R&D systems, 
Minneapolis, MN), TNF DuoSet ELISA kit (R&D systems) and Caspase-1 (mouse) matched pair 
detection set (Adipogen, San Diego, CA) were used according to manufacture’s instructions. 
Where indicated, the following inhibitors were used throughout the experiment: the Cathepsin B 
inhibitor CA-074 Me (Enzo Life Sciences, Inc., Farmingdale, NY) was used at 10 µM, the caspase-
1 inhibitor Z-WEHD-FMK (R&D systems) was used at 10 M, and the VPS34 inhibitor 3-MA 
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(Calbiochem, Millipore, Billerica, MA) was used at 2, 5 and 10 mM. Alum- and Silica-treated 
samples were pretreated with 100 ng/ml LPS (E. coli strain 055:B5, Sigma) for 2 hours, and then 
treated with 200 µg/ml of Inject Alum (Thermo Scientific, Rockford, IL) or 100 µg/ml of Silica 
(Thermo Scientific) in fresh media for 6 hours. Streptolysin O (SLO) (Sigma) was used at 10 µg/ml 
with 10 mM DTT for 5 min, and then the medium was changed and collected 6 hours later. 
qPCR. TRIzol (Invitrogen) was used to isolate RNA from 4x106 BMDMs that had been 
challenged with bacteria or LPS for 2 hours and then treated with gentamicin for 1 hour. RNA was 
treated with DNase1 (Ambion, Austin, TX), and Superscript II RNase H reverse transcriptase 
(Invitrogen) was used to synthesize cDNA from 1 µg of total RNA. Gene expression was 
determined by calculating ΔΔ CT with values normalized to 36B4 RNA levels and then to values 
from PBS-treated samples. 
Western Blots. Protein was isolated from cells as described[35]. Briefly, cell lysates were 
electrophoresed on 4-20% Pierce Precise Protein Gels (Thermo Scientific) and transferred to 
nitrocellulose membranes. Membranes were probed with the following primary antibodies: rabbit-
anti-ATG16L1 (1:500, Sigma) guineapig-anti-p62 (1:1000, Progen Biotechnik, Heidelberg, 
Germany), rabbit anti-Caspase-1 (1:5000, Dr. Gabriel Nuñez), rat anti-Caspase-11 (1:250, Sigma), 
rat anti-NLRP3 (1:250, R&D systems), and rabbit-anti-GAPDH (1:1000, Cell Signaling 
Technology, Danvers, MA). Goat-anti-rabbit IgG-HRP, goat-anti-guineapig IgG-HRP, and goat-
anti-rat IgG-HRP secondaries (Santa Cruz Biotechnology, Dallas, TX) were used and detected by 
SuperSignal West Dura (Thermo Scientific). 
Statistical analyses. For time-course experiments, two-way ANOVAs with matching were used 
with Bonferroni post-tests for individual time points. To determine significance between two 
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samples, unpaired t-tests, paired t-tests or non-parametric Mann-Whitney U tests were performed 
by using Graph Prism software. A value of P < 0.05 was used as the cut off for statistical 
significance. 
 
3.4 Results 
 
3.4.1 Macrophages are required for UPEC clearance from the bladders of 
Atg16L1HM mice 
 We previously found that monocyte recruitment was enhanced in the bladders of infected 
ATG16L1-deficient (Atg16L1HM) mice compared to those of infected wild-type (WT) animals 
[35]. Furthermore, Atg16L1HM mice cleared their UTIs more rapidly than WT mice. To determine 
whether monocytes and macrophages were necessary for this effect, we depleted monocytes and 
macrophages from Atg16L1HM mice by treating them with clodronate-containing liposomes 
(clodrolip) [290, 291] followed by transurethral infection with a well-characterized clinical cystitis 
strain of UPEC (UTI89). Clodrolip treatment decreased the number of systemic macrophages and 
monocytes from Atg16L1HM mice by greater than 60% (Fig 9) and reduced the recruitment and 
number of macrophages in the bladder after infection (Fig 10). Clodrolip treatment significantly 
attenuated their enhanced ability to clear the infection (Fig 1A and 1B). For example, whereas the 
urine titer of liposome-treated (i.e. control) Atg16L1HM mice was at the limit of detection three 
days post-infection (dpi), Atg16L1HM mice treated with clodrolip still maintained 105 colony 
forming units (CFU) of bacteria per ml of urine (Fig 1A). Furthermore, clodrolip treatment resulted 
in higher bladder titers at three days post infection in Atg16L1HM mice (Fig 1B). These findings 
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revealed that macrophages or monocytes were essential for enhanced clearance of UTI89 from the 
bladders of Atg16L1HM mice.   
 
3.4.2 Altered UTI89 uptake and processing by ATG16L1-deficient 
macrophages 
 Macrophages have direct bactericidal functions and also secrete pro-inflammatory cytokines 
to orchestrate the host response to pathogens. Given the evidence that ATG16L1 deficiency in 
macrophages was crucial for the observed enhanced clearing of UTI89 in vivo, we sought to 
elucidate the molecular mechanisms underlying how ATG16L1 deficiency altered the response of 
macrophages to UTI89. To address this question, we isolated bone marrow-derived macrophages 
(BMDMs) from WT and Atg16L1HM mice and challenged them with UTI89. As expected, 
BMDMs from Atg16L1HM mice displayed a 90% reduction of ATG16L1 protein (Fig 1C). 
Consistent with a reduced rate of autophagic flux, they also accumulated the adaptor protein p62 
(Fig 1D).  
 To assess the direct effects of ATG16L1 deficiency on bacterial clearance, we determined 
intracellular bacterial load at multiple time points post-infection and found that Atg16L1HM 
BMDMs contained significantly more bacteria than WT BMDMs at 1 hour post infection (hpi) 
(Fig 2A). Likewise, immunofluorescence (IF) staining showed that more Atg16L1HM BMDMs 
contained intracellular bacteria than WT macrophages (Fig 2B, Fig 11A). To determine whether 
ATG16L1 deficiency affects degradation of intracellular bacteria, we quantified the intracellular 
bacterial load in BMDMs over time as compared to levels at 2 hpi. We observed a similar pattern 
of decrease in bacterial counts between WT and ATG16L1-deficient macrophages, arguing that 
the dynamics of bacterial killing over time was not altered by ATG16L1 deficiency (Fig 2C). 
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Together, these findings indicate that ATG16L1 deficiency enhances killing of UTI89 by 
increasing bacterial uptake at early stages of infection.  
 To examine whether ATG16L1 deficiency affected intracellular trafficking of UTI89, we 
performed IF and observed co-localization of UPEC with the lysosomal marker LAMP1 in both 
WT and ATG16L1-deficient macrophages (Fig 11B). To further evaluate the intracellular 
localization of UPEC within macrophages, we used transmission electron microscopy (TEM). At 
1 and 3 hpi, consistent with the IF results, UTI89 were consistently found in single-membrane 
compartments in both WT and ATG16L1-deficient macrophages (Fig 2D). We counted the 
numbers of bacteria in electron-lucent or highly electron-dense compartments. At 1 hpi, the 
majority of bacteria appeared to be in highly electron-dense lysosomal compartments in both WT 
and ATG16L1-deficient macrophages. However, by 3 hpi, whereas fewer bacteria were within 
highly electron-dense compartments in WT macrophages, the majority of bacteria still remained 
in these compartments in ATG16L1-deficient macrophages (Fig 2E). This suggests that UTI89 
alters its phagocytic compartment in macrophages over time but does so more slowly in 
ATG16L1-deficient cells. Thus, ATG16L1-deficient macrophages may sense and respond to 
intracellular UTI89 differently than WT macrophages do.  
 To determine whether the increased uptake by ATG16L1-deficient macrophages was specific 
to a UPEC strain or would be elicited by any intracellular E. coli, we challenged the macrophages 
with a commensal E. coli (MG1655) [289]. At 1 hpi, macrophages of both genotypes took up the 
commensal bacteria more efficiently than UTI89 (compare Fig 3A to Fig 2A). However, no 
significant differences in uptake (Fig 3A) or survival rates of MG1655 (Fig 3B) were observed 
between WT and ATG16L1-deficient macrophages. TEM analysis revealed that, at 1 and 3 hpi, 
MG1655 were in single-membrane compartments, the majority of which were not highly electron 
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dense (Fig 3C). Moreover, the distribution of types of compartments containing MG1655 did not 
differ between WT and ATG16L1-deficient macrophages (Fig 3D). We conclude that loss of 
ATG16L1 affects intracellular trafficking of UPEC but not of a commensal strain of E. coli. 
 
3.4.3  ATG16L1-deficient macrophages secrete more IL-1β in response to 
UPEC challenge 
 Given the important link between autophagy and inflammation, we reasoned that the cytokine 
response elicited by UTI89 may be altered in macrophages deficient in ATG16L1. To test this 
hypothesis, we challenged WT and ATG16L1-deficient macrophages with UTI89, MG1655, or 
LPS. In response to these stimuli, WT and ATG16L1-deficient macrophages secreted similar 
amounts of TNF at 24 hpi (Fig 4A). In contrast, IL-1β release was significantly higher in UPEC-
infected ATG16L1-deficient macrophages compared to control macrophages at 24 hpi (Fig 4B) 
and this response could be detected as early as 8 hpi (Fig 4C). Interestingly, IL-1β release only 
occurred following infection with the UPEC strains (UTI89 and CFT073, a pyelonephritis strain, 
Fig 12), not in response to commensal E. coli or LPS (Fig 4B and 4C).  
 
3.4.4  Increased IL-1β production by ATG16L1-deficient macrophages is not 
the result of enhanced transcription of pro-IL-1β and is independent of 
NOD2 activity 
 IL-1β release is tightly controlled through the combination of two distinct triggers. First, 
activation of Toll-like receptor (TLRs) or Nod-like receptors (NLRs), such as by LPS, induces 
transcription of pro-IL-1β [292, 293]. In a second step, pro-IL-1β protein is cleaved by caspase-1, 
a process that is regulated by inflammasomes, which are defined by their NLR component, which 
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can include AIM2, NLRC4, NLRP1, and NLRP3 [293]. Thus, we wanted to know whether 
ATG16L1 deficiency affected pro-IL-1 generation (signal 1) or assembly of the inflammasome 
complex (signal 2).  
 No significant differences were observed in level of pro-IL-1 mRNA (Fig 5A) or protein (Fig 
5B) between ATG16L1-deficient and WT macrophages challenged with UTI89, even though 
increased cleaved IL-1B was observed in the supernatants by western blot. Additionally, Caspase-
11 protein levels increased upon infection, but there was no difference between WT and ATG16L1-
deficient macrophages (Fig 13). Furthermore, when we pre-treated cells with LPS to activate 
transcription of pro-IL-1 before activation by UTI89 ATG16L1-deficient macrophages still 
produced more IL-1β in response to UTI89 than WT cells did (Fig 5C). These findings argue 
enhanced IL-1 release in ATG16L1 deficient macrophages does not occur via modulation of 
signal 1. 
 Recent studies have suggested that ATG16L1 is important for controlling secretion of IL-1 
and TNF in response to agonists of NOD2, an NLR that recognizes cytosolic bacterial 
components [257, 286, 294]. We thus asked whether NOD2 was required for the increased IL-1 
secretion of UTI89-challenged ATG16L1-deficient macrophages. We found that macrophages 
from Nod2-/- and WT mice produced equivalent levels of IL-1 (Fig 5D). Likewise, upon challenge 
with UTI89, macrophages from Nod2-/-; Atg16L1HM mice produced similar amounts of IL-1 as 
macrophages from Atg16L1HM mice (Fig 5D), suggesting that NOD2 does not contribute to 
ATG16L1-deficiency-mediated increased secretion of IL-1 upon UPEC infection. 
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3.4.5  UTI89 activates NLRP3 inflammasomes in macrophages 
 As our findings suggested that ATG16L1 deficiency likely impacts signal 2, we sought to 
define that mechanism by which UPEC activates the inflammasome. Importantly, inflammasome 
activation in macrophages in response to UPEC had not been previously examined. Thus, we first 
confirmed that UTI89-induced IL-1β production was dependent on TLR4 activation; as expected, 
BMDMs from TLR4-/- mice produced significantly decreased levels of IL-1 (Fig 6A). Next, we 
determined if both caspase-1 and caspase-11 were essential for IL-1B secretion in response to 
UPEC. BMDMs isolated from caspase-1/caspase-11 double knockouts had minimal secretion of 
IL-1B in response to UPEC and MG1655, but caspase-11deficient mice had no defect in IL-1β 
secretion in response to UPEC (Fig 6B). This suggests that UPEC activates the canonical 
inflammasome rather than the non-canonical caspase-11 activated inflammasome. To further 
define the key inflammasome proteins activated upon UPEC challenge, we performed q-RTPCR 
analysis of genes encoding two inflammasome proteins that sense and respond to bacteria (NLRC4 
and NLRP3) [292, 295, 296] and found that whereas Nlrc4 transcription was minimally induced, 
Nlrp3 transcription was highly upregulated in response to UTI89 infection of both WT and 
ATG16L1-deficient macrophages (Fig 6C). We then examined IL-1β production by macrophages 
from mice lacking the inflammasome proteins NLRP3, NLRC4, or AIM2. Macrophages from 
Nlrp3-/- mice secreted significantly less IL-1 than WT macrophages (Fig 6D). In contrast, 
macrophages from Nlrc4-/- and Aim2-/- mice produced roughly the same amount of IL-1 as WT 
macrophages. Together, these findings demonstrate that most IL-1 secretion in response to UTI89 
requires TLR4 and NLRP3 inflammasome activation. 
 In response to infection, macrophages can kill intracellular pathogens by undergoing a form of 
cell death called pyroptosis, which is associated with IL-1 release and caspase-1 activation [297]. 
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It is not known if UPEC induce pyroptosis in macrophages. Given the increased production of IL-
1 by ATG16L1-deficient macrophages and the observation by others that modulation of 
autophagy can affect pyroptosis in response to bacterial infection [298], we investigated the effect 
of ATG16L1 deficiency on pyroptosis in response to UTI89 infection. Thus, we assessed cell death 
by using the CytoTox 96 assay, which measures the levels of release of the cytoplasmic enzyme 
lactate dehydrogenase into the supernatant. We detected no difference in total cell death between 
WT and ATG16L1-deficient macrophages challenged with UTI89 or MG1655 (Fig 6E), 
suggesting that pyroptosis is not a mechanism of fast clearance of UTI89 in Atg16L1HM mice. 
 
3.4.6 ATG16L1 deficiency enhances IL-1β secretion in response to UTI89 and 
other NLRP3 activators due to increased caspase-1 activation 
 Given that pro-IL-1 levels were similar between WT and ATG16L1-deficient macrophages, 
we hypothesized that the increased IL-1 secretion by ATG16L1-deficient macrophages was due 
to increased activation of the NLRP3 inflammasome and caspase-1. To determine whether 
ATG16L1 deficiency enhanced NLRP3 activation, we treated WT and ATG16L1 deficient 
macrophages with four known NLRP3 activators: Streptolysin-O, ATP, Alum, and Silica [299, 
300]. Each caused secretion of IL-1 by both types of macrophages, but in each case, ATG16L1-
deficient macrophages produced more IL-1 than WT macrophages did (Fig 7A). Given that 
lysosome damage can trigger NLRP3 activation [293, 301, 302] in conjunction with our data 
indicating that UPEC traffics to lysosomes in macrophages, we reasoned that UPEC might activate 
the NLRP3 inflammasome by impairing lysosome integrity and inducing release of cathepsin B 
and other vacuolar contents into the cytosol. To test this, we treated UTI89 infected WT and 
ATG16L1-deficient macrophages with the cathepsin B inhibitor CAO74-ME [302]. As expected, 
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CAO74-ME decreased the secretion of IL-1 in response to Alum, a known inducer of lysosome 
damage [300]. In contrast, the release of IL-1 in response to UPEC was unaffected by cathepsin 
B inhibition (Fig 7B). Thus, inflammasome activation by UTI89 occurs without major lysosomal 
injury and cathepsin B release. This is consistent with our TEM observation that UTI89 were found 
within intact vacuoles in both WT and ATG16L1-deficient macrophages. These findings suggest 
that activation of the NLRP3 inflammasome occurs independently of gross lysosomal damage by 
UTI89. 
 We then determined the effect of ATG16L1 deficiency on caspase-1 activation. The levels of 
pro-caspase-1 in uninfected ATG16L1-deficient macrophages were higher than those observed in 
WT macrophages (Fig 7C and 7D). Upon challenge with UPEC, ATG16L1-deficient macrophages 
released more caspase-1 into the supernatant than WT macrophages, consistent with enhanced 
activation of this protease (Fig 7E). To determine whether the difference observed in IL-1β 
secretion by WT and ATG16L1-deficient macrophages was due to changes in caspase-1 activity, 
we applied a caspase-1 inhibitor during infection. Caspase-1 inhibition, using 10M Z-WEHD-
FMK, eliminated the difference in secretion of IL-1 between WT and ATG16L1-deficient 
BMDMs (Fig 7F). Additionally, inhibiting NRLP3 with glyburide was able to inhibit IL-1 
production in both WT and ATG16L1-deficient BMDMs in a dose dependent manner (Fig 7G). 
We conclude that NLRP3 and caspase-1 activation is enhanced by ATG16L1 deficiency, and this 
pathway mediates the enhanced release of IL-1 by ATG16L1 deficient macrophages in response 
to UTI89 challenge.  
 Increased IL-1 production by ATG16L1-deficient macrophages could be specific to 
ATG16L1 deficiency or could be result of their reduced autophagy. Treating WT macrophages 
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with varying concentrations of 3-MA, an autophagy inhibitor that targets VPS34, resulted in a 
dose-dependent increase in secretion of IL-1β, suggesting that the increased IL-1β production by 
ATG16L1-deficient macrophages in response to UTI89 may in be the result of their autophagy 
deficiency (Fig 14).  
 
3.4.7  Blocking IL-1 signaling in Atg16L1HM mice reduces clearance of UPEC 
during a UTI 
 Our data suggest that Atg16L1HM mice are better able to clear a UPEC infection than WT mice 
for two reasons. First, as previously shown, more macrophages are recruited to the bladder mucosa 
[35]. Second, ATG16L1-deficient macrophages produce more IL-1 ex vivo in response to UPEC 
challenge due to increased caspase-1 activation (Fig 4B). In agreement with our mechanistic ex 
vivo studies, we found significantly more IL-1 in urines from Atg16L1HM mice than in urines 
from WT mice at 6 hpi (Fig 8A). To determine the physiological importance of IL-1 in vivo, we 
treated both WT and Atg16L1HM mice with Anakinra (a recombinant form of the endogenous IL-
1 receptor antagonist, IL-1Ra, which blocks both IL-1 and IL-1 signaling through IL-1R) to 
inhibit IL-1 signaling during infection [303]. Anakinra reduced bacterial clearance in Atg16L1HM 
mice compared to vehicle treated controls at 1dpi, whereas bacteriuric titers were not significantly 
affected in WT mice given vehicle (PBS) or Anakinra at 1dpi (Fig 8B). In fact, the infection 
phenotype of Anakinra treated Atg16L1HM mice was similar to WT animals. In addition, Anakinra-
treated Atg16L1HM mice had a significantly worse course of infection than vehicle-treated 
Atg16L1HM mice (Fig 8C, right), whereas Anakinra treatment did not significantly change the 
course of infection in WT animals (Fig 8C, left). Thus, our data argue that in the context of WT 
macrophages, subverting IL-1 production is not a part of the UPEC arsenal of host defense 
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evasion. However, our results demonstrate that the augmented IL-1 release from macrophages in 
Atg16L1HM mice is the primary driver of enhanced bacterial clearance in those mice.  
 
3.5 Discussion 
  
 Autophagy and its proteins are important for combating intracellular pathogens and have 
generally been considered to be anti-pathogenic [224]. However, emerging evidence suggests that 
autophagy proteins can also be pro-pathogenic [35, 194, 275]. In previous work, we found that 
ATG16L1-deficient mice display reduced levels of bacteriuria and bladder titers early in infection 
[35]. Our work suggested that hematopoeitic cells were important for ATG16L1-deficiency-
mediated protection, but did not reveal the mechanism by which this occurred.  
 In this report, we showed that ATG16L1 deficiency-mediated protection from UTIs is 
dependent on the macrophage/monocyte lineage in vivo. ATG16L1 deficiency in the 
macrophage/monocyte lineage promoted a more robust IL-1 response to UPEC challenge, and 
blockade of IL-1 signaling in vivo abolished the protective phenotype mediated by ATG16L1 
deficiency. Our in vitro experiments revealed that this IL-1 response was mediated by NLRP3 
and was dependent on caspase-1 activation. Altogether, our results indicate that loss of ATG16L1 
promotes a beneficial innate immune response during a UTI. 
 UTIs are not the only type of infection in which loss of ATG16L1 can be beneficial. Deficiency 
of this gene was recently shown to provide significant protection from Citrobacter rodentium 
infection of the intestine [275]. Moreover, ATG16L1-deficient macrophages and monocytes were 
found to be essential for the protection against both infections in these distinct mucosae. However, 
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the underlying mechanisms differ in two ways. First, whereas an ATG16L1-deficient 
hematopoietic compartment is the main driver for the protective phenotype in UTI [35], deficiency 
in the non-hematopoetic compartment also contributes to reduced Citrobacter titers and increased 
survival [275]. Second, although NOD2 plays an essential role in ATG16L1 deficiency-induced 
resistance to Citrobacter, we found that NOD2 was dispensable for ATG16L1 deficiency-induced 
resistance to UPEC [192] and now show that NOD2 does not affect ATG16L1 deficiency-induced 
enhanced IL-1 secretion by BMDMs in response to UPEC. These differences suggest that 
ATG16L1 plays distinct roles in the pathogenesis of different infections.  
 Nonetheless, these studies indicate that ATG16L1 deficiency may be protective against a 
broader range of pathogens, particularly those that are not obligate intracellular pathogens and do 
not thrive within macrophages. For such pathogens, alterations in immune signaling and immune 
cell recruitment may outweigh any potential defects in controlling intracellular bacteria. 
Additionally, because UPEC do not thrive within macrophages and are primarily degraded [46], 
we suggest that increased uptake of UPEC or similar pathogens by ATG16L1-deficient 
macrophages could itself be protective to the host. In contrast, increased uptake of intracellular 
pathogens that do thrive within macrophages could be detrimental.  
 IL-1 is a pro-inflammatory cytokine that plays a key role in the host response to infection and 
injury. This cytokine is tightly controlled at the transcriptional and post-translational level by two 
distinct signals, which prevent inappropriate activation and release [304]. In addition, a third level 
of control exists through production of an endogenous IL-1 receptor antagonist (IL-1Ra) that 
competes with IL-1 for binding to the IL-1 receptor. Our work adds to evidence that ATG16L1 
and autophagy can modulate the production and release of active IL-1. Saitoh et al. were the first 
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to show this connection when they discovered that both ATG16L1-deficient fetal liver-derived 
macrophages and peritoneal macrophages in which basal autophagy was inhibited produced more 
IL-1 in response to LPS and commensal bacteria but not Salmonella [201]. Later, Harris et al. 
showed that autophagy induction promotes the degradation of pro-IL-1 in response to LPS [184]. 
Most recently, Lee et al. demonstrated that ATG16L1 regulates IL-1 signaling by controlling p62 
levels by autophagosomal and proteosomal degradation [305]. Our results suggest that increases 
in IL-1 in response to UPEC in our ATG16L1 deficient macrophages are primarily a result of 
altered caspase-1 activation rather than up-regulation of transcription as was reported in studies of 
the T300A variant of ATG16L1 [306]. Additionally, our findings show that the NLRP3 
inflammasome is the major inflammasome activated by UPEC, with minimal IL-1 production as 
a result of NLRC4 or AIM2 activation. Interestingly, in contrast to what was observed previously 
[201], we found that LPS stimulation of Atg16L1HM macrophages was not sufficient to induce 
robust IL-1 secretion; this may be related to the degree of ATG16L1 deficiency. Nevertheless, 
our work provides the first evidence that, instead of harming the host, increased IL-1 secretion 
due to ATG16L1 deficiency can lead to a more effective response to infection.  
 The finding that elevated secretion of IL-1 was important for the ability of Atg16L1HM mice 
to control UPEC suggests that ATG16L1 plays a role in dampening the bladder mucosal 
production of IL-1 in response to UPEC infection. Such dampening may be helpful in preventing 
excessive inflammation in mucosae that cannot resolve the inflammation. For example, elevated 
levels of IL-1 due to ATG16L1 deficiency are detrimental in the context of chemically induced 
colitis [201]. Inhibition of autophagy in cells infected with Borrelia burgdorferi has been shown 
to lead to increased IL-1 which is associated with worsened disease progression [307]. By 
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contrast, increased macrophage-driven inflammation may be helpful in the bladder mucosa [30], 
which is not permeable or absorptive like the gut mucosa and is usually sterile. Thus, the normal 
balance maintained by ATG16L1 may prevent infections by obligate intracellular pathogens in 
most cells but may lead to insufficient responses to other pathogens, such as UPEC. Furthermore, 
the enhanced secretion of IL-1 due to loss of ATG16L1 appears to uncover a vulnerability in the 
ability of UPEC to evade early innate immune defenses and colonize and persist in the urinary 
tract. Enhanced secretion of IL-1 is protective in the Atg16L1HM mice with inhibition of IL-1 
signaling leading to bacteriuria levels similar to those of the WT mice at 1 dpi, yet inhibition of 
IL-1 signaling in WT mice did not make the infection worse, suggesting that the level and timing 
of IL-1 secretion may be important. Given the high numbers of UTIs and the increasing antibiotic 
resistance among UPEC isolates, the potential of this new knowledge to contribute to development 
of new treatment regimens to elicit an effective immune response to UPEC could be vital.  
 Our data and that of others suggests that the hyperinflammatory responses observed by 
ATG16L1-deficiency [242, 286] can be damaging or protective in different mucosal 
environments in response to different stimuli [201, 308]. This may explain why the T300A 
polymorphism in ATG16L1 is highly prevalent in the Caucasian population [205] even though it 
increases susceptibility to Crohn’s Disease [204, 205]. Recent studies have shown that the 
proteins produced by the T300A (human) or T316A (mouse) variants of ATG16L1 are more 
easily degraded by caspase-3, resulting in reduced expression of ATG16L1 [202, 308]. 
ATG16L1 deficiency in the gastrointestinal tract is thought to cause intestinal dysbiosis because 
of an aberrant pro-inflammatory response to commensal gut flora [169, 287, 309]. Our work 
suggests that aberrant pro-inflammatory responses to commensals in the gut may occur as a 
trade-off for productive responses to pathogens in other tissues. The improved function of 
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macrophages and increased production of IL-1 in response to UPEC by the hypomorphic 
ATG16L1 suggests that humans with the T300A variant may be more protected against 
pathogens such as UPEC where increased IL-1 would help clear the infection. Future genomic 
studies to investigate the possibility of associations between the T300A mutation and common 
infections such as UTI will help to reveal the selective pressure on maintenance of 
polymorphisms in ATG16L1 in the human population. 
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FIG 1 Macrophages and monocytes are essential for bacterial control in Atg16L1HM mice. CFU counts of bacteriuria (A) 
or 3dpi bladder homogenates (B) from Atg16L1HM mice treated with clodrolip or control liposomes as displayed as mean 
Log10CFU/ml and SEM. For A, n=3 independent experiments, for a total of 12 clodrolip treated mice and 13 control 
liposome treated mice. For B, n=2 independent experiments, for a total of 9 clodrolip treated mice and 9 control liposome 
treated mice. Two-way ANOVA with matching by animal, ***P<0.001, with bonferroni post-test at individual time points 
(A), and unpaired T-test (B), * P<0.05. (C) ATG16L1 levels in BMDMs from WT and Atg16L1HM mice as measured by 
western blot. (D) Western blot of p62 in samples of WT and ATG16L1-deficient BMDMs. Starvation (Starv) was used to 
induce autophagy. GAPDH, glyceraldehyde 3-phosphate dehydrogenase, used as a loading control in (C) and (C). Data is 
representative of 3 independent experiments (C and D). 
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FIG 2 ATG16L1-deficient macrophages take up more bacteria than WT macrophages do. (A) Intracellular bacterial load 
of WT and ATG16L1-deficient macrophages at different times after UTI89 challenge. (B) Percent of macrophages that 
contained intracellular bacteria by immunoflourescence. (C) Intracellular bacterial survival displayed as percentage of 
intracellular CFU load at 2 hr. (D) TEM images of UTI89 within single-membrane vacuoles of different electron density 
at different time points (Scale bars = 500 nm), and (E) quantification of the distribution of vacuole types within which 
UPEC was found in WT and ATG16L1-deficient macrophages. **P<0.01, *P<0.05. Paired t-test (B) or two-way ANOVA 
with bonferroni post-tests (A and C). Data are from 3 independent experiments, with 3 replicates per experiment (A and 
C) or 4 fields per experiment (B) presented as mean and SEM.  
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FIG 3 ATG16L1-deficient macrophages interact with MG1655 differently than UTI89. (A) Intracellular bacterial load of 
WT and ATG16L1-deficient macrophages at 1 and 2 hours after MG1655 challenge. (B) Intracellular bacterial survival 
displayed as percentage of intracellular CFU load at 2 hours. (C) TEM images of MG1655 within single-membrane vesicles 
of different electron density at different time points, and (D) quantification of the distribution of vesicle types within which 
MG1655 was found in WT and ATG16L1-deficient macrophages. Not significant by two-way ANOVA with bonferroni 
post-tests (A and B). Data are from 3 independent experiments, with 3 replicates per experiment (A and B) presented as 
mean and SEM. 
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FIG 4 ATG16L1-deficient macrophages produce more IL-1β than WT macrophages. Levels of (A) TNFα and (B) IL-1β 
in the supernatants of WT and ATG16L1-deficient cells 24 hours after challenge with UTI89, MG1655, or LPS. (C) Levels 
of IL-1β in the supernatant after 8 hours of challenge with UTI89, MG1655 or LPS as determined by ELISA. ***P<0.001. 
Two-way ANOVA with bonferroni post-tests. Data are from three (A and C) and four (B) independent experiments 
presented as mean and SEM. 
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FIG 5 Increased IL-1β secretion by ATG16L1-deficient macrophages is not due to enhanced signal 1 or NOD2. (A) Levels 
of pro-IL1β mRNA determined by quantitative PCR from macrophages at baseline or after 3 hours of challenge with UTI89 
or MG1655. (B) Representative western blot of cleaved IL-1β in the supernatant at 24 hours and pro-IL-1β and control 
gene GAPDH levels at 3 hours from macrophages treated with PBS or challenged with UTI89 or MG1655. (C) IL-1β level 
in the 24 hour supernatant of BMDMs pretreated with LPS or PBS for 4 hours before challenge with UTI89 or MG1655. 
(D) Levels of IL-1β in the supernatants of BMDMs from WT, ATG16L1HM, Nod2-/-, and Nod2-/-; Atg16L1HM mice 24 
hours after challenge with UTI89. ***P<0.001. Paired t-test (C) or two-way ANOVA with bonferroni post-tests (A and 
D). Data are from two (C) or three (A and D) independent experiments with three replicates per experiment presented as 
mean and SEM. 
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FIG 6 TLR4 and NLRP3 activation by UPEC are important for IL -1β production. (A) Amount of IL-1β secreted by WT 
and Tlr4-/- macrophages in response to UTI89 and MG1655. (B) Amount of IL-1β secreted by WT, caspase1/11 double 
knockouts, or caspse11-/- macrophages in response to UTI89 and MG1655. (C) Levels of Nlrp3 and Nlrc4 mRNA 
(determined by quantitative PCR) in macrophages after challenge with UTI89 or MG1655 for 3 hours, presented relative 
to the 0 hour timepoint. (D) Secreted IL-1β detected by ELISA from macrophages from WT, Nlrp3-/-, Nlrc4-/-, and Aim2-
/- mice in response to UTI89, MG1655, and LPS challenge. (E) Measurement of cytotoxicity as LDH release by BMDM 
exposed to UTI89 for 3 hours or 24 hours (2 hours exposure to extracellular bacteria followed by incubation for 22 hours 
in gentamicin) as a percentage of total LDH release upon tritonX treatment. * P <0.05, *** P <0.001. Two-way ANOVA 
and bonferroni post-test for each pair. Data are from 2 (A, B, and D) or 3 (C and E) independent experiments with 3 
individual replicates per experiment.  
77
GAPDH
        WT             HM             WT            HM             WT           HM
PBS MG    UTI
Pro-Caspase-1
A B
C D
E
UTI MG
0
1
2
3 WT
HM
*
C
as
pa
se
-1
 in
 su
pe
rn
at
an
t (
ng
/m
l)
F
PBS UTI MG
0.0
0.5
1.0
1.5
2.0
2.5 WT
HM
***
Pr
o-
C
as
pa
se
-1
 n
or
m
al
iz
ed
 
to
 W
T 
PB
S 
le
ve
ls 
(A
.U
.)
PBS UTI Alum MG UTI Alum MG
0
100
200
300
400
500
WT
HM
CA-074Me
*** **
***
Se
cr
et
ed
 IL
-1
b
 (p
g/
m
l)
LPS SLO ALUM SILICA ATP
0
20
40
60
200
400
600
1500
3000
4500
WT
HM
***
**
*
*
Se
cr
et
ed
 IL
-1
b 
(p
g/
m
l)
PBS UTI MG LPS UTI MG LPS
0
200
400
600
WT
HM
caspase-1 inhibitor
***
ns
Se
cr
et
ed
 IL
-1
b 
(p
g/
m
l)
0
50
100
150
200
WT
HM
UTI +             +             +
Glyb. 0          200        400
***
*
Se
cr
et
ed
 IL
-1
b 
(p
g/
m
l)
(mm)
G
FIG 7 ATG16L1-deficient macrophages produce more IL-1β due to increased NLRP3 and caspase-1 activity. (A) Levels 
of IL-1β in the supernatants of WT and ATG16L1-deficient macrophages after pretreatment with LPS followed by exposure 
to Streptolysin O (with 10 mM DTT), Alum, Silica, or ATP. (B) Levels of IL-1β in the supernatants of WT and ATG16L1-
deficient macrophages challenged with UTI89 for 24 hours or the NLRP3 activator Alum for 8 hours with or without the 
Cathepsin B inhibitor CA-074Me. (C) Representative western blot of pro-caspase-1 protein levels normalized to GAPDH 
values from macrophages at baseline and after 3 hours of UTI89 challenge, quantification (D) displayed normalized to 
baseline WT levels. A.U., arbitrary units. (E) Level of caspase-1 in the supernatants of macrophages challenged with UTI89 
for 24 hours. (F) Level of IL-1β in the supernatants of macrophages challenged with UTI89 for 24 hours with or without a 
caspase-1 inhibitor during the entire experiment. (G) Level of IL-1β in the supernatants of macrophages challenged with 
UTI89 for 24 hours with increasing concentrations of glyburide, an NLRP3 inhibitor. *P<0.05, **P<0.01, ***P<0.001. 
Paired t-test (A) or two-way ANOVA and bonferroni post-test at for each condition (B, D - G). Data are from 3 independent 
experiments with 3 replicates per experiment (A - B, E - G) or 1 replicate per experiment (D) presented as mean with SEM.  
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FIG 8 IL-1β production is enhanced in Atg16L1HM mice and is important for faster clearance of UPEC. (A) Urine levels of 
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FIG 9 Clodrolip depletes macrophages and monocytes from Atg16L1HM mice. (A) Depletion of CD11b and CD45 double 
positive cells from the spleen of clodrolip-treated mice. (B) Depletion of F4/80 positive cells (both GR1 low, macrophages, 
and GR1 medium, monocytes) in spleens. (C) Quantification of macrophage (GR1 low, F4/80 positive), monocytes (GR1 
medium, F4/80 positive), and neutrophil (GR1 hi, F4/80 negative) populations in spleens from multiple control or clodrolip 
treated animals. 
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FIG 10 Clodrolip depletes macrophages and monocytes from the bladders of Atg16L1HM mice 24hrs post infection with 
UPEC. (A) Depletion of CD11b and CD45 double positive cells from the bladder of clodrolip-treated mice. (B) Depletion 
of F4/80 positive cells (both GR1 low, macrophages, and GR1 medium, monocytes) in bladders. (C) Quantification of 
macrophage (GR1 low, F4/80 positive), monocytes (GR1 medium, F4/80 positive), and neutrophil (GR1 hi, F4/80 negative) 
populations in bladders from multiple control or clodrolip treated animals. 
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FIG 11 Increased uptake of UPEC into LAMP1 positive compartments in ATG16L1-deficient macrophages. (A) 
Representative immunoflourescence images of UPEC within wild type (WT, left) and ATG16L1-deficient (HM, right) 
macrophages at 3 hours post challenge. E. coli (green) and nuclei are blue with biz-benzimide, quantification is presented 
in Fig 2B. Scale bar = 40 µm. (B) Images showing co-localization of LAMP1 (red) with UPEC (green) in WT (left) and 
ATG16L1-deficient (right) BMDMs. Scale bar = 20µm. 
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FIG 12 More IL-1β is secreted by ATG16L1-deficient macrophages in response to cystitis and pyelonephritis strains, after 
24 hours. (A) Levels of IL-1β secretion by WT and HM macrophages at 2 hours in response to UTI89 and MG1655. (B) 
Levels of IL-1β secretion by WT and HM macrophages at 24 hours in response to UTI89 (cystitis strain), MG1655 (K-12 
strain), or CFT073 (pyelonephritis strain). Two-way ANOVA with bonferroni post-tests. *** P<0.001. 
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FIG 13 Inhibiting autophagy in WT macrophages leads to increased IL-1β secretion. Level of IL-1β secretion by WT 
macrophages at 24 hours when treated with increasing concentrations of the VPS34 inhibitor 3-MA and challenged with 
UTI89. Two-way ANOVA with bonferroni post-tests. ** P<0.01, *** P<0.001. 
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FIG 14 More cleaved caspase-1 is found in the supernatants of ATG16L1 deficient macrophages than WT macrophages. 
Western blot of cleaved caspase-1 (p20) in supernatants (24hrs) and uncleaved caspase-1 (p45), caspase-11 (p45), and 
NLRP3 (~117) in cell lysates (3 hrs) of PBS, UTI89 and MG1655 challenged WT and ATG16L1-deficient macrophages. 
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4.1 Abstract   
  
 Uropathogenic E. coli (UPEC), the causative agent of over 80% of urinary tract infections 
(UTIs), require iron for their survival and elaborate a number of siderophores to chelate iron from 
the host. On the other hand, the host immune imperative is to limit the availability of iron to the 
bacteria. Little is known regarding the mechanisms underlying this host-UPEC interaction. In the 
current report, we demonstrate that innate immune cells, namely macrophages, in response to 
UPEC infection, retain extracellular siderophore-bound and free iron, thereby limiting the ability 
of UPEC to access iron. We show that macrophages execute this by increasing expression of 
lipocalin 2, a siderophore-binding molecule, increasing expression of Dmt1, a molecule that 
facilitates macrophage uptake of free iron, and increasing production of the intracellular iron cargo 
molecule ferritin, while decreasing expression of the iron exporter ferroportin. Furthermore, we 
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show that IL-6, a cytokine known to play an important role in regulating host iron homeostasis as 
well as host defense, is a key regulator of this process, in part by promoting production of lipocalin 
2. Finally, we show that IL-6 signaling is necessary for macrophages to limit the growth of UPEC 
in the presence of excess iron. Together, our findings reveal one mechanism by which macrophages 
may maintain iron homeostasis in the bladder mucosa and mediate UTI clearance. Our study lays 
the foundation for developing targeted therapies to manage this highly prevalent but recalcitrant 
disease. 
 
4.2 Introduction 
 
Urinary tract infections (UTIs) are one of the most common infections worldwide and are 
primarily caused by uropathogenic E. coli (UPEC) [1]. Given the rising incidence of antibiotic 
resistance among uropathogens, there is an increasing need to better understand the host response 
to UPEC and to develop ways to harness the host innate immune response that clears infection. 
Macrophages are one such host defense entity. These innate immune cells are not only critical in 
response to pathogens, but also for maintaining host homeostasis [38]. 
Macrophages provide host cells with access to iron [38], a metal crucial for host redox reactions 
and for microbial survival [75, 77-79]. In the absence of infection, macrophages contribute to 
tissue homeostasis by releasing iron [38]. Macrophages take up extracellular iron bound to the 
cargo molecule transferrin, remove the iron from transferrin, and release this free iron into the 
extracellular space through the exporter ferroportin [38, 310, 311]. Iron regulatory proteins (IRPs), 
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which regulate ferroportin, transferrin receptor (TFR1), and divalent metal transporter 1 (DMT1) 
expression, offer another layer of control over iron availability [82-84].  
However, upon bacterial infection, macrophages retain iron intracellularly by taking up free 
iron via DMT1 and storing this free iron in a ferritin-bound state. Furthermore, macrophages limit 
the release of free iron by increasing expression of hepcidin, a negative regulator of ferroportin, 
by decreasing ferroportin and TFR1 expression [38, 79, 120]. In addition, macrophages also 
produce lipocalin 2, which binds to extracellular bacterial siderophores and is taken up by 
macrophages thereby limiting extracellular iron available for bacterial growth [120, 126, 130]. 
While hepcidin and lipocalin 2 have been shown to be produced during the pathogenesis of upper 
urinary tract infections [101, 146], UPEC have been shown to exploit host iron during bladder 
infection (cystitis) through elaborating lipocalin-2-resistant siderophores such as salmochelin [78, 
101, 103] and accessing iron within bladder epithelial cells [98, 149]. However, whether and how 
macrophages are involved and responsive to UPEC remain unknown. UPEC infection induces 
macrophages and bladder epithelial cells to produce, as a first response, interleukin 6 (IL-6) [158, 
159], a cytokine that promotes iron retention through inducing hepcidin production by liver cells 
[312]. However, the role of IL-6 signaling in macrophage iron regulation upon UPEC infection 
remains unknown. 
 We reasoned that modulation of iron availability could alter the macrophagic capacity to limit 
UPEC survival. We sought to test the model that macrophages mediate the inflammatory IL-6 
response to UPEC infection, in part, by producing lipocalin 2, thereby limiting iron availability to 
the uropathogens. We also sought to investigate the macrophage iron retention response under 
normal and high iron conditions, as macrophages are exposed to different iron levels over the 
course of an in vivo infection [77]. We used primary peritoneal macrophages (pMacs) as a model 
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to elucidate macrophage-iron-UPEC interactions, consistent with previous research on peritoneal 
macrophages [161]. pMacs model monocyte-derived recruited macrophages [302, 313] and have 
been previously used to investigate host regulation of iron [145, 163, 314]. Here, we show that 
pMacs retain free iron in response to UPEC by decreasing ferroportin expression, increasing 
hepcidin production, and increasing Dmt1 expression. pMacs also take up extracellular 
siderophore-bound iron through production of lipocalin 2. We provide further evidence that, in 
response to UPEC, IL-6 signaling inhibits iron retention and promotes lipocalin 2 production by 
pMacs pre-exposed to high iron conditions. Finally, inhibition of IL-6 signaling promotes UPEC 
survival within pMacs pre-exposed to high iron conditions, suggesting that macrophage IL-6 
signaling is necessary to limit the ability of UPEC to access iron. Together, our findings suggest 
macrophage IL-6 signaling and regulation of iron crucially promote the host innate immune 
response that clears UPEC. 
 
4.3 Materials and methods 
 
Mice. All protocols were approved by the animal studies committee of the Washington University 
School of Medicine (Animal Welfare Assurance #A-3381-01). Seven to nine-week-old C57BL/6 
mice were used for studies involving wild type mice, and seven to nine-week-old IL-6tm1Kopf/J (the 
Jackson Laboratory) were used for IL-6 knockout experiments. 
Isolation of murine peritoneal macrophages (pMacs) and bone marrow derived 
macrophages (BMDMs). Bone marrow derived macrophages from wild type mice were isolated 
using previously published protocols [36]. A 3.85% solution of thioglycollate (Difco, BD 
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Bioscience Diagnostics) was made according to the manufacturer’s protocol. Mice were injected 
intraperitoneally with 1 mL of 3.85% thioglycollate and allowed to rest for four days. Mice were 
sacrificed, and 3 mL of culture media (DMEM containing 10% FBS, 1% Glutamax, 1% 
penicillin/streptomycin; all from Gibco, Life Technologies) and 1% sodium pyruvate (Corning) 
was injected into the mouse peritoneal cavity. pMacs were then isolated using previously published 
protocols [302, 313, 315]. Cells were centrifuged at 460 x g for 5 minutes at 4°C, resuspended in 
culture media, counted, and plated at a density of 5 x 105 cells/mL. 
Bacteria. Luria Broth media (Sigma) was inoculated with the UPEC clinical cystitis isolate UTI89 
and grown as previously described [36].  
Cell culture. pMacs in a 24-well tissue culture plate (~5 x 105 cells/well, 1 mL culture media/well) 
were treated for 24 hours with "infection medium", which was culture medium lacking 
penicillin/streptomycin, with or without 250 µM ferric ammonium citrate (66 µg/mL, FAC, 
Sigma-Aldrich, CAS: 1185-57-5) and with or without 125 ng/mL anti-IL-6Rα (R&D Systems, 
AF1830) or normal goat IgG isotype control antibody (R&D Systems, AB-108-C). Cells were 
infected with UTI89 in 1 mL of new infection media.  
Quantitative PCR (qPCR). Following gentamicin treatment, infected pMacs were removed from 
the tissue culture plate using CellStripper (Corning), followed by trypsin treatment (Gibco, Life 
Technologies) The pMacs were then washed in 5% FBS, transferred to buffer RLT with β-
mercaptoethanol (Sigma, M6250), and frozen at -80°C, per manufacturer’s protocols (RNeasy 
Mini kit, Qiagen). The samples were then thawed and RNA was isolated from the cells per 
manufacturer’s protocols (RNeasy Mini kit, Qiagen). cDNA was then generated according the 
manufacturer’s protocol, (First-Strand cDNA synthesis Using SuperScript II RT, Life 
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Technologies; with DNase treatment). qPCR was performed per manufacturer’s protocols 
(SsoAdvanced Universal SYBR Green Supermix, BIO-RAD, 1725274) using the following 
primers, with Rn18s serving as the control: Hamp1 (hepcidin): 5’-
GCAGAAGAGAAGGAAGAGAGACACC-3' and 5’-TGTAGAGAGGTCAGGATGTGGCTC-
3';  
Fpn1 (ferroportin): 5’-TGGAACTCTATGGAAACAGCCT -3' and 5’-
TGGCATTCTTATCCACCCAGT-3'; Slc11a2 (Dmt1): 5’-AACCAACAAGCAGGTGGTTGA-
3' and 5’-CCTTGTAGATGTCCACAGCCAGAGT-3'; Tfr1 (transferrin receptor): 5’-
GTGGAGTATCACTTCCTGTCGC-3' and 5’-CCCCAGAAGATATGTCGGAAAGG-3'; Lcn2 
(lipocalin 2): 5’-TGGCCCTGAGTGTCATGTG-3' and 5’-
CTCTTGTAGCTCATAGATGGTGC-3'; Il-6: 5’-CCAGAAACCGCTATGAAGTTCCT-3' and 
5’-CACCAGCATCAGTCCCAAGA-3'; Rn18s (18S): 5’-CGGCTACCACATCCAAGGAA-3' 
and 5’-GCTGGAATTACCGCGGCT-3'. 
Intracellular CFU analysis. pMacs were infected with UTI89 for 2 hours in infection media and 
then washed in PBS. This was followed by either 100 µg/mL gentamicin for 1 hour, or 100 µg/mL 
gentamicin for 1 hour followed by 10 µg/mL gentamicin for 3 hours. The pMacs were then washed 
in PBS. UPEC-infected pMacs were then lysed in 1 mL of 0.1% Triton X-100 (Ricca Chemical 
Company) for 10 minutes with moderate shaking. The bottom of the plate was then vigorously 
scraped with a 1 mL micropipette tip, and 5 µL samples of serially diluted lysate were plated on 
LB-agarose plates. The plates were incubated 37ºC overnight and colonies were counted the next 
day. 
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Extracellular CFU analysis. pMacs were infected for either 3 or 6 hours with UTI89 in 1 mL of 
infection media. 5 µl of serially diluted media from these infected pMacs was then plated on LB-
agarose plates. The plates were incubated 37ºC overnight, and colonies were counted the next day. 
ELISA. Supernatants were harvested from macrophage cultures after the indicated stimulations. 
IL-6 was quantified using a DuoSet IL-6 ELISA kit (R&D Systems) per the manufacturer's 
instructions.  
Western blots. pMac cell lysates were electrophoresed on 4–20% Pierce Precise Protein Gels 
(Bio-Rad) and transferred to PVDF membranes. The membranes were treated with the following 
antibodies at the following dilutions: FTH1 (ferritin) rabbit polyclonal (1:1000; Cell Signaling, 
D1D4), total STAT3 (1:250; Cell Signaling, D3Z2G), pSTAT3 Tyr705 (1:100; Cell Signaling, 
D3A7), IL-6 (1:100; Cell Signaling, D5W4V, Mouse Specific), and beta-actin (1:500; Cell 
Signaling, 8H10D10). 
Statistics. Statistical analysis was performed using GraphPad Prism software. All results are 
expressed as means ± S.E. Groups were compared by paired Student's t test or two-way analysis 
of variance as appropriate. A value of p ≤ 0.05 was considered significant. 
 
4.4 Results 
 
4.4.1 pMacs retain iron and limit UPEC survival 
 UPEC exploits host iron for its survival [78, 101, 103], including by chelating iron from within 
bladder epithelial cells [98, 149]. We recently showed that high iron levels promote UPEC growth 
within bladder epithelial cells [149]. UPEC can also persist within macrophages [46, 316]. It 
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remains unclear, however, whether UPEC exploits macrophages as a source of iron under high 
iron conditions and homeostatic iron conditions that mimic in vivo infection [77]. We therefore 
sought to investigate the macrophage response to UPEC in the context of homeostatic levels of 
iron (“control”) or following iron supplementation (“iron supplemented”) resulting from the 
addition of ferric ammonium citrate (FAC) as a source of iron at a concentration consistent with 
previous publications [310, 317]. We infected control and iron-supplemented peritoneal 
macrophages (pMacs) with UPEC for 3 and 6 hours (see schematic in Fig 1A) and measured 
intracellular and extracellular bacterial CFUs. Interestingly, there was no significant difference in 
intracellular UPEC load within control pMacs in comparison to iron-supplemented pMacs (Fig 
1B), nor was there a significant difference in extracellular UPEC load (data not shown). In 
addition, UPEC had no significant effect on pMac survival at these time-points (data not shown). 
We have previously shown that iron alone promotes UPEC growth in minimal media [149]; thus, 
the UPEC growth restriction observed in macrophages is attributable to macrophage function. 
 We then sought to examine whether pMacs limited the ability of UPEC to exploit extra-
macrophagic free iron. To investigate this, we infected pMacs in the presence or absence of iron 
supplementation during the infection course. There were once again no notable differences in 
intracellular UPEC load within control pMacs in comparison to iron-supplemented pMacs (Fig 
1C), nor was there a significant difference in extracellular UPEC load (data not shown). Together, 
this indicates that pMacs successfully prevent UPEC from exploiting free iron for their survival. 
 We next sought to investigate the mechanisms by which the pMacs limited the ability of UPEC 
to access iron. To determine this, we supplemented pMacs with iron followed by infection with 
UPEC for 3 and 6 hours and assayed for iron retention marker expression upon each treatment. 
We found that iron supplementation alone did not significantly affect expression of lipocalin 2 
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(Fig 1D), indicating that iron supplementation alone does not cause the pMacs to increase uptake 
of extracellular siderophore-bound iron. However, upon UPEC infection, both control and iron-
supplemented pMacs increased expression of lipocalin 2 (Fig 1D), suggesting that the infected 
pMacs increased uptake of extracellular siderophore-bound iron.  
 On the other hand, we found that iron supplementation alone reduced expression of transferrin 
receptor and UPEC infection induced a further decrease in expression (Fig 1E), suggesting that 
the pMacs may normally limit the release of free iron from its transferrin-bound and infected 
pMacs further limit this release. Next, we examined Dmt1 expression and found that iron 
supplementation had no significant effect while infection increased Dmt1 expression (Fig 1F), 
implying that infected pMacs took up more free iron via DMT1 in response to infection. Finally, 
iron supplementation alone increased expression of ferroportin (Fig 1G), but not hepcidin (Fig 
1H), a negative regulator of ferroportin. Both control and iron-supplemented pMacs retained free 
iron and limited its release in response to UPEC, as reflected in decreased ferroportin expression 
(Fig 1G) and increased hepcidin expression (Fig 1H). To confirm that these expression patterns 
were not specific to pMacs, we repeated our experiments in bone marrow derived macrophages 
(BMDMs). We observed similar expression patterns in BMDMs (data not shown). To demonstrate 
that the decrease in transferrin-bound iron uptake did not suggest any defect in the pMac ability to 
store intracellular iron, we examined production of the iron cargo molecule ferritin. Both iron 
supplementation and UPEC infection increased ferritin production (Fig 1I), suggesting that the 
iron-supplemented pMacs were retaining more free iron in a ferritin-bound state in response to 
UPEC. Consistent with this finding, we found that iron supplementation led to reduction in iron 
regulatory protein 1 (IRP1) expression, which is known to regulate ferritin production (Fig 1J). 
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Taken together, our data show that pMacs are adept at limiting the ability of UPEC to access host 
iron stores, even in the presence of excess iron.   
 
4.4.2 pMacs activate IL-6 production to regulate iron stores in response to 
UPEC 
 Host iron homeostasis is known to be regulated by the pro-inflammatory cytokine IL-6, which 
induces hepcidin production by liver cells [312], thereby promoting iron retention. We reasoned 
that pMacs may use IL-6 signaling in response to UPEC to regulate iron availability, since 
macrophages and bladder epithelial cells produce IL-6 as a first response to UPEC infection [158, 
159]. We therefore infected iron-supplemented and control pMacs with UPEC and determined IL-
6 production. We found, as expected, that UPEC induced Il-6 mRNA expression (Fig 2A), IL-6 
protein production (Fig 2B), and IL-6 protein export (Fig 2C). Interestingly, we found that iron 
supplementation was sufficient to activate IL-6 production even in the absence of a bacterial 
stimulus (Fig 2B), consistent with previously published data [164]. However, iron supplementation 
did not augment IL-6 export (Fig 2C). Taken together, these data suggests that iron promotes the 
IL-6 production pathway in response to UPEC. 
 
4.4.3  IL-6 signaling is required for promoting uptake of siderophore-bound 
iron in response to UPEC 
 Next, we sought to determine if IL-6 signaling plays a key role in regulating pMac iron 
retention in response to UPEC. To determine this, we infected control and iron-supplemented 
pMacs with UPEC for 3 and 6 hours. During both iron supplementation and infection, we treated 
the pMacs with either a control antibody or a monoclonal antibody against the IL-6 receptor-α 
subunit [318, 319], to inhibit IL-6 signaling. We found that anti-IL-6Rα treatment did not 
96 
 
significantly affect Il-6 mRNA expression in the context of UPEC infection (Fig 3A). However, 
inhibition of IL-6 signaling led to IL-6 protein accumulation (Fig 3B) and a corresponding 
decrease in IL-6 protein export (Fig 3C). We found that anti-IL-6Rα treatment did not significantly 
affect total STAT3 levels but decreased p-STAT3 production. However, iron supplementation not 
only decreased p-STAT3 production but also increased total STAT3 levels (Fig 3B), suggesting 
that iron supplementation inhibited UPEC-induced IL-6 signaling.  
 Next, we determined whether inhibition of IL-6 signaling altered pMac iron retention. We 
found that inhibiting IL-6 signaling limited UPEC-induced expression of lipocalin 2 in iron-
supplemented pMacs (Fig 3D), but not control pMacs (Fig 3D), suggesting that IL-6 signaling 
promotes uptake of extracellular siderophore-bound iron in iron-supplemented pMacs only. 
Furthermore, anti-IL6Rα treatment increased ferritin production (Fig 3B), increased transferrin 
receptor expression (Fig 3E), decreased ferroportin expression (Fig 3G), and increased hepcidin 
expression (Fig 3H) in infected iron-supplemented pMacs. On the other hand, in infected control 
pMacs, anti-IL-6Rα treatment did not significantly affect transferrin receptor expression (Fig 3E) 
or ferroportin expression (Fig 3G), suggesting that  IL-6 signaling may be limiting iron retention. 
This inhibition of iron retention is not due to reduction in free iron uptake via DMT1, since 
inhibiting IL-6 signaling did not significantly affect expression of Dmt1 in either infected control 
pMacs or infected iron-supplemented pMacs (Fig 3F). Together, our data indicate that, in UPEC-
infected pMacs exposed to high iron conditions, IL-6 signaling promotes uptake of extracellular 
siderophore-bound iron, limits release of extracellular free iron from transferrin, and inhibits iron 
retention.  
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4.4.4  pMacs require IL-6 signaling to prevent UPEC from exploiting excess 
iron 
 We next sought to determine if pMacs required IL-6 signaling in order to limit the ability of 
UPEC to exploit iron. To investigate this, we infected control and iron supplemented pMacs with 
UPEC for 3 and 6 hours; during both iron supplementation and infection, we treated the pMacs 
with either a control antibody or anti-IL-6Rα. We observed that inhibiting IL-6 signaling increased 
the bacterial load in control pMacs, but not iron-supplemented pMacs (Fig 4A). We then 
determined whether IL-6 signaling was required for pMacs to limit the ability of UPEC to exploit 
extra-macrophagic free iron by treating pMacs in the presence or absence of iron supplementation 
during the infection course, with a control antibody or anti-IL-6Rα added during infection. We 
found that inhibition of IL-6 signaling significantly increased UPEC load only within the iron-
supplemented pMacs (Fig 4B).  
 To determine if this would be the case in a background of genetic loss of function of IL-6 , we 
isolated pMacs from IL-6 knockout mice (IL6-/-). We found, as expected, that WT (IL6+/+) pMacs, 
but not IL6-/- pMacs, released IL-6 in response to UPEC infection (Fig. 4C). However, at early as 
3 hours post-infection (hpi), we observed increased bacterial loads in IL6-/- pMacs (Fig. 4D). 
Furthermore, we determined that iron supplementation during the infection course also increased 
the bacterial load in IL6-/- pMacs, although there was no significant difference in the absence of 
iron supplementation (Fig. 4D), consistent with the results we observed with anti-IL6Rα treatment. 
Thus, together our data show that IL-6 signaling limits the ability of UPEC to survive in pMacs 
under homeostatic iron levels as well as under conditions of high extra-macrophagic iron. 
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4.5 Discussion 
  
 Here, we show that macrophages normally limit UPEC survival by restricting UPEC access to 
intra- and extra-macrophagic iron stores. We also show that IL-6 signaling is necessary for UPEC-
induced macrophage uptake of extracellular iron through lipocalin 2 production, while IL-6 
signaling negatively regulates UPEC-induced macrophage iron retention. Furthermore, IL-6 
signaling is necessary for macrophages to limit UPEC survival under iron rich conditions. We 
propose a model wherein macrophages retain iron in response to UPEC, thereby keeping iron away 
from UPEC (see model in Fig 5). Macrophages retain free iron by upregulating expression of 
Dmt1, an importer of extracellular free iron, thus allowing macrophages to take up free iron from 
the extracellular milieu and store the iron in a ferritin-bound state. Macrophages, in response to 
UPEC, also negatively regulate expression of the iron exporter ferroportin and promote expression 
of hepcidin, a negative regulator of ferroportin, further limiting the ability of UPEC to access 
extracellular free iron. Furthermore, our data show that in response to UPEC, macrophages reduce 
expression of transferrin receptor, a receptor that facilitates the release of iron from the 
extracellular cargo molecule transferrin. Reducing macrophage transferrin receptor expression 
thus furthers limit bacterial access to extracellular free iron.  
 Our findings are consistent with previous data showing that C. pneumoniae infection reduces 
macrophage expression of transferrin receptor [121], while macrophages also increase Dmt1 
expression in response to other pathogens, such as F. tularensis [95]. However, F. tularensis drives 
macrophage iron uptake in order to access iron within the macrophage and promote F. tularensis 
intra-macrophagic survival [95]. UPEC also exploits a number of mechanisms in order to persist 
within macrophages [46, 316]. This contrasts with our model, in which macrophages limit the 
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ability of UPEC to access iron both inside and outside of the macrophage. In further support of our 
model, we show that macrophages limit the ability of UPEC to use iron to promote their survival 
within macrophages.  
  A number of other mechanisms are known to govern macrophage iron regulation. Previous 
data suggests that the inflammatory cytokine IL-6 regulates host iron retention [312] and the host-
response to UPEC [158, 159]. Our data show that IL-6 signaling did not significantly affect 
ferroportin-mediated iron release by macrophages pre-exposed to homeostatic iron levels. This is 
consistent with previous work showing that, under homeostatic iron conditions, IL-6 deficiency 
did not significantly affect alveolar macrophage expression of hepcidin and ferroportin in response 
to lipopolysaccharide [160]. However, our data suggests that IL-6 signaling inhibits ferritin-
mediated iron retention and promotes ferroportin-mediated iron release in macrophages pre-
exposed to high iron levels. This did not promote UPEC survival, since IL-6 signaling inhibited 
UPEC survival within macrophages pre-exposed to high iron levels. IL-6 signaling instead limited 
UPEC access to extracellular iron by promoting lipocalin 2 production by iron-supplemented 
macrophages, in agreement with previous data showing that lipocalin 2 reduces survival of M. 
tuberculosis and C. pneumoniae within macrophages [121, 138]. IL-6-induced lipocalin 2 may 
also explain why IL-6 signaling inhibited iron retention, given previous data showing that lipocalin 
2 inhibited macrophage iron retention in response S. typhimurium and limited S. typhimurium 
survival [124].  
Macrophages pre-exposed to homeostatic iron levels or high iron levels, produced lipocalin 2 
and retained free iron in response to UPEC. This indicated that macrophages could perform their 
anti-microbial iron regulation functions under a range of iron levels. This is especially relevant in 
vivo, since macrophages may be exposed to different concentrations of iron over the course of an 
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infection [77]. Interestingly, the host epithelial-iron interactions have the opposite effect on 
bacterial survival, as our previous work has shown that UPEC is able to access iron within bladder 
epithelial cells via ferritinophagy, thereby promoting UPEC survival and growth within these cells 
[149]. We suggest that in the bladder mucosa, UPEC survival and growth within the bladder 
epithelium may be mitigated by the bladder macrophages anti-microbial iron regulation response; 
our data strongly suggests that macrophages may guard against systemic and bladder UPEC 
infections by producing key iron regulators such as lipocalin 2. In line with this, previous studies 
have shown that loss of lipocalin 2 and hepcidin resulted in increased rates of pyelonephritis in 
mice and women [140, 141, 320].  
Macrophages present in the bladder upon UPEC infection [19, 27, 46] may prevent sub-clinical 
UPEC colonization from transitioning into a pathological UTI. We posit that macrophage IL-6 
signaling might play a crucial role in the macrophage anti-microbial iron regulation response in 
infected tissues, since IL-6 signaling both limited UPEC survival within macrophages pre-exposed 
to high levels of iron and promoted lipocalin 2 expression by these macrophages. To overcome 
this defense, UPEC may elaborate lipocalin-2-resistant siderophores such as salmochelin [140], 
and inhibit IL-6 production [161, 162] in order to limit lipocalin 2 production. In addition to 
promoting lipocalin 2 expression, IL-6 signaling inhibited transferrin receptor expression by 
macrophages pre-exposed to high iron levels, thereby limiting the liberation of free iron from 
transferrin. This may provide another explanation of why UPEC limits innate immune cell 
production of IL-6: limiting IL-6 production provides UPEC with access to free iron released from 
transferrin. Given this, activators of IL-6 signaling could be a useful tool for modulating iron-
dependent host immune responses during UPEC infection. Together, our data provide new insights 
into how the innate immune system limits UPEC survival by limiting the ability of UPEC to access 
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host iron. We propose that modulating host iron regulation response may provide an effective 
treatment for treatment of the UTIs caused by UPEC. 
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FIG 1 pMacs retain iron in response to UPEC, and limit UPEC utilization of iron for UPEC survival. (A) Summary of 
procedure for infecting pMacs with UPEC. Peritoneal macrophages (“pMacs”) were pre-treated for 24 hrs with or without 
FAC as a source of iron for iron supplementation. The pMacs were infected with UTI89 at an MOI of 0.1 for 3 or 6 hrs. 
Intracellular CFU analysis in pMacs uninfected or infected with UTI89 at an MOI of 0.1 for 3 or 6 hrs in the presence of 
iron supplementation before infection (B) or during infection (C). qPCR analysis on mRNA expression of for lipocalin 2 
(D), transferrin receptor (E), Dmt1 (F), ferroportin (G), and hepcidin (H). Western Blots for ferritin and actin (I), IRP1, 
IRP2, and actin (J) in pMacs (3 biological replicates; qPCR values relative to 0 hrs uninfected pMacs without iron 
supplementation; compared by ANOVA; bars represent +/- SEM, *p < 0.05, **p < 0.01, ***p < 0.001). 
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FIG 2 Iron and UPEC together activate induce IL-6 production in pMacs. qPCR for Il-6 relative to uninfected pMacs without 
iron supplementation (A), Western Blot for IL-6, ferritin, and actin, (B), and an ELISA for IL-6 (C) in pMacs infected with 
UPEC after iron supplementation. (3 biological replicates; qPCR values relative to 0 hrs uninfected pMacs without iron 
supplementation; compared by ANOVA; bars represent +/- SEM, *p < 0.05, **p < 0.01, ***p < .001). 
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FIG 3 IL-6 signaling inhibits iron retention and promotes lipocalin 2 production in UPEC infected pMacs. (A) qPCR for Il-
6 at 3 hours post infection (hpi) in pMacs pre-treated with or without anti-IL-6Rα, supplemented with iron and infected with 
UPEC. (B) Western Blot for IL-6, p-STAT3, STAT3, ferritin, and actin, (C) ELISA for IL-6 at 3 hpi, and (D) qPCR for 
lipocalin 2, (E) transferrin receptor, (F) Dmt1, (G) ferroportin, and (H) hepcidin at 3 hpi for pMacs pre-treated with anti-IL-
6Rα and iron, followed by infection with UPEC (3 biological replicates; qPCR values relative to 0 hrs uninfected pMacs 
without iron supplementation; compared by ANOVA; bars represent +/- SEM, *p < 0.05,  **p < 0.01, ***p < .001). 
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FIG 4 Iron-supplemented pMacs use IL-6 signaling to limit UPEC utilization of iron. Intracellular CFUs at 3 hpi in pMacs 
treated with anti-IL-6Rα and supplemented with iron before infection (A) or during infection (B). (C) ELISA for IL-6 
release by IL-6-/- (WT) or IL-6-/- (KO) pMacs supplemented with iron before infection. (D) Intracellular CFUs in WT and 
KO pMacs supplemented with iron during infection (A - B: 3 biological replicates; C - D: 2 biological replicates; compared 
by ANOVA; bars represent +/- SEM, *p < 0.05,  **p < 0.01, ***p < .001). 
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FIG 5 Model of macrophage iron retention during UPEC infection. 
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Chapter 5: Bladder Macrophages Regulate 
Host Iron in Response to UPEC  
 
5.1 Introduction 
  
 Uropathogenic E. coli (UPEC) are the principal agent of urinary tract infections (UTIs), one of 
the most common infections in the United States. Given the rising incidence of antibiotic resistance 
among many uropathogens, there is an increasing need to better understand the host response to 
UPEC [1] and to develop ways to harness the host innate immune response that clears infection. 
Macrophages are one such host defense entity. These critical innate immune cells are not only 
important in response to pathogens, but also for development, wound healing, tissue regeneration, 
and maintaining homeostasis [37-40].  
 Many tissues contain resident macrophages that remain in the tissue even in the absence of 
inflammation or infection. Before infection, the murine bladder contains innate immune cells such 
as resident macrophages [19, 27], monocytes, and dendritic cells (DCs), but not significant 
numbers of neutrophils [19]; resident macrophages account for about 9% of all bladder leukocytes 
before infection, while neutrophils account for < 1% [42]. Within 4 hours of infection with UPEC, 
resident bladder macrophages negative for the inflammatory marker Ly6C [19, 27] release CCL2, 
a chemokine that recruits pro-inflammatory Ly6C+ macrophages to the bladder. Bladder 
macrophages also release MIF, CXCL1, and CXCL2, chemokines which induce neutrophil 
migration across the infected uroepithelium [27]. Upon entering the infected tissue, neutrophils 
phagocytose UPEC [18], though macrophages are the primary innate immune cell type to 
phagoytose bacteria within the first 48 hours of UPEC infection [19]. Recruited monocytes 
108 
 
differentiate into macrophages within the UPEC-infected bladder mucosa [19], with bladder 
macrophages and bladder monocytes promoting UPEC clearance [18, 27, 28, 35, 36]. Given this 
increase in recruited innate immune cells, neutrophils and macrophage levels have increased to 
10% and 10-30% of all bladder leukocytes, respectively, by 16 hours post-infection (hpi) [42].  
 In addition to neutrophils and macrophages, DCs and monocytes enter the bladder within 24 
hours of a bladder UPEC infection [18, 19, 47]. Depletion of macrophages increases phagocytosis 
of UPEC by DCs [19], suggesting that DCs can play an important role in the clearance of UPEC. 
Furthermore, bladder macrophage and monocyte numbers are higher at 48 hpi than at 6 hpi, while 
bladder neutrophil numbers decrease by 48 hpi [30]. This may allow bladder monocytes and 
bladder macrophages, in contrast to bladder neutrophils, to play a more significant role in the long-
term host response to UPEC. 
 Macrophages can phagocytose bacteria via pathogen-recognition receptors [51, 52, 321], 
including CD163 [74], toll-like receptor 4 (TLR4) [28, 56], CD206 [65, 68-70], soluble scavenger 
with 5 domains (SSC5D) [322, 323], macrophage receptor with collagenous structure (MARCO), 
and scavenger receptor type 1 (SR-A1) [57]. Macrophage and DC scavenger receptors also 
recognize particles, host glycoproteins, and host apoptotic cells [51, 57, 59, 60, 64-67, 321], 
allowing macrophages and DCs to promote tissue repair and homeostasis through the phagocytosis 
of debris. It remains unclear, however, what scavenger receptors bladder DCs, monocytes, and 
macrophages express over the course of a UTI.  
 In addition to scavenger-receptor-mediated uptake of bacteria, macrophages can also promote 
bacterial clearance by regulating iron, a metal that is crucial for both microbes and mammalian 
cells [75, 76, 111]. In the absence of infection, anti-inflammatory resident macrophages contribute 
to tissue homeostasis by releasing iron [38, 39, 41, 52, 90]. These macrophages use CD163 and 
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transferrin receptor (TFR1) to take up iron-containing compounds, and then liberate free iron from 
these molecules. The macrophages then release this free iron through the iron exporter ferroportin, 
with the aid of the surface molecule ceruloplasmin, thereby providing host cells with access to free 
iron [38, 40, 121, 324, 325]. Upon clearance of the bacteria, anti-inflammatory macrophages 
contribute to tissue repair by releasing free iron [38, 79, 111]. However, macrophage release of 
free iron may provide UPEC with iron, since UPEC exploits host iron by elaborating siderophores 
[78, 98-107]. 
 In order to limit bacterial access to iron during infection, recruited monocytes can develop into 
pro-inflammatory macrophages that retain free iron [110, 111]. Macrophages can retain iron 
through production lipocalin 2, a molecule that binds to extracellular bacterial siderophores. 
Macrophages then use lipocalin 2 receptor to endocytose the iron-siderophore-lipocalin complex, 
thereby inhibiting bacterial growth by limiting bacterial access to iron extracellular siderophore-
bound iron [117, 120, 121, 124, 129-136]. Macrophage iron retention is also characterized uptake 
of extracellular free iron via divalent metal transporter 1 (DMT1) and ZIP14 (Zrt-Irt-related protein 
14). This free iron is then stored on the iron cargo molecule ferritin [108-111]. Macrophages limit 
the release of this cytosolic free iron by increasing expression of hepcidin, a negative regulator of 
ferroportin [77-79, 87, 98, 111, 114-116, 118, 122].  
 Hepatocyte production of hepcidin is known to be induced by interleukin 6 (IL-6) and 
interleukin 1β (IL-1β) [150, 312], pro-inflammatory cytokines known to be produced macrophages 
in response to UPEC [36, 157-159]. IL-6 also induces hepatocyte as macrophage production of 
ZIP14 [108, 156], promoting retention of free iron. Furthermore, both lipocalin 2 and hepcidin 
have been shown to be produced during the pathogenesis of upper urinary tract infections [101, 
146]. This suggests that iron regulation may be crucial in the host response to UPEC. Though 
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macrophage iron regulation has been well-characterized in a number of tissue, it remains unclear 
what role bladder macrophages and monocytes play in the host iron regulation response before 
and after UPEC infection. 
 Here we sought to determine the function(s) of resident and recruited bladder macrophages 
and monocytes present before a UTI, during the pathogen-clearance phase of a UTI, and during 
the tissue repair response following a UTI. We show that resident bladder macrophages/monocytes 
and DCs are present in the uninfected bladder, and these cells express scavenger receptors that 
allow for the phagocytosis of bacteria, apoptotic cells, and host glycoproteins. During the bacterial 
clearance phase at 6 hpi, there were more bladder macrophages/monocytes, but not DCs, positive 
for TLR4, CD206, and proteins associated with macrophage release of free iron. By 24 hpi, these 
TLR4+ and CD206+ monocytes/macrophages were not present, while there were more 
monocytes/macrophages and DCs that could recognize UPEC via SR-A1 or MARCO. 
Furthermore, both bladder monocytes/macrophages and DCs shifted towards an iron retention 
phenotype by 24 hpi. During the subsequent tissue repair response at 72 hpi, the bladder contained 
macrophages/monocytes and DCs positive for MARCO and SR-A1, possibly allowing these innate 
immune cells to promote tissue repair via clearance of apoptotic cells and debris. Together, our 
findings shed light on the role that innate immune cell iron regulation and scavenger receptor 
expression might play in the host innate immune response to UPEC. 
 
5.2 Materials and methods 
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Mice. All protocols were approved by the animal studies committee of the Washington University 
School of Medicine (Animal Welfare Assurance #A-3381-01). Seven to nine-week-old C57BL/6 
mice were used for all studies. 
Bacteria. Luria Broth media (Sigma) was inoculated with the UPEC clinical cystitis isolate UTI89 
and grown as previously described [36]. 
Murine infection with UTI89. Mice were briefly anesthetized with isoflurane. The mice were 
then transurethrally injected with 50 μL of PBS or 50 μL of prepared UTI89 by using a 1 mL 
syringe and a catheter with a 26G needle. After 6, 24, or 72 hours, mice were urinated and then 
euthanized by exposure to isoflurane followed by cervical dislocation. 
Isolation of murine bladder cells. Bladders from euthanized mice were removed and briefly 
washed in PBS. Individual bladders were then placed into 1 mg/mL collagenase (Sigma) and 22 
μg/mL DNAse (Sigma) in PBS or RPMI at 37°C. The bladders were subsequently shaken at 37°C 
for 30 minutes to 1 hour, processed into a single-cell suspension by using a 1 mL syringe plunger, 
and passed through a 70 μm filter. Bladder cells from the same treatment group were then pooled. 
Flow cytometry. Bladder cells were treated with TruStain fcX (anti-mouse CD16/32; BioLegend) 
in 5% FBS (Gibco, Life Technologies) for 20 minutes. Cells were then washed, treated with the 
appropriate fluorescent antibodies and isotype control antibodies at the noted concentrations (see 
below) at 4°C for 20 minutes, and then washed with 5% FBS. Samples containing a biotin-
conjugated antibody were subsequently treated with the appropriate streptavidin-conjugate at 4°C 
for 20 minutes. Cells were then washed and analyzed on a BD LSR II flow cytometer. The 
following antibodies from eBioscience were used at 1:50: CD11b-APC (17-0112-83) and F4/80-
PE (12-4801-82). The following antibodies from BioLegend were used at 1:50: CD11b-biotin 
(101204), CD71 (113803), CD64-PE-Cy7 (139314), CD163-GFP(333617), TLR4/MD2-biotin 
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(117603), and CD45-Per-CP-Cy5 (103132). The following antibodies from R&D Systems were 
used at 1:8: CD206-Alexa700 (FAB2535N), MARCO-APC (FAB2956A), SR-A1-APC 
(FAB1797A), and MerTK-PE (FAB5912P). The following streptavidin conjugates from Life 
Technologies were used at 1:15: Strepatividin-Alexa405 and Streptavidin-PacificOrange. 
Cell sorting. A single-cell suspension of bladder cells was stained per the above flow cytometry 
procedure, except 5% FBS with 25 mM HEPES substituted for 5% FBS. Cells were then isolated 
using a BD FACS Aria flow cytometer.  
Microarray analysis. Sorted bladder cells were transferred to buffer RLT with β-mercaptoethanol 
(Sigma, M6250), with at least 6 x 103 cells being per sorted bladder cell population. RNA was then 
isolated from the cells and frozen, per the manufacturer’s protocols (RNeasy Mini kit, Qiagen), 
and assessed for quality using the Bioanalyzer 2100 (Agilent). With the Sigma WTA2 RNA 
amplification kit, 1.0 ng of total RNA were amplified and then 3μg of cDNA were chemically 
labeled with Kreatech ULS Fluorescent Labeling Kit for Agilent arrays (Kreatech Diagnostics). 
Finally, 1.7μg of labeled cDNAs were subsequently hybridized onto Agilent Mouse Gene 
Expression 4x44K Microarrays (cat. G4122F-014868). Slides were scanned on an Agilent C-class 
Microarray scanner to detect Cy5 fluorescence, according to manufacturer's specifications. 
Gridding and analysis of images was performed using Feature Extraction (v11.5.1.1, Agilent 
Technologies). The data was then analyzed, and normalized heat maps were generated, using the 
R software package, with a cutoff of p ≤ .05 and fold change of > 2. 
Statistics. Statistical analysis was performed using GraphPad Prism software. All results are 
expressed as means ± S.E. Groups were compared by paired Student's t test or two-way analysis 
of variance as appropriate. A value of p ≤ 0.05 was considered significant. 
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5.3 Results 
 
5.3.1 The bladder innate immune cell compartment expands upon UPEC 
infection 
 A number of innate immune cell populations are present in the bladder before infection. Upon 
UPEC infection, the bladder innate immune cell compartments quickly expands via the recruitment 
of inflammatory monocytes and inflammatory macrophages to the infected bladder mucosa [19, 
27]. In order to characterize the bladder innate immune cell compartment before and during UPEC 
infection, we isolated bladders from PBS-treated control mice and mice infected with UPEC, and 
analyzed the bladder cells by flow cytometry. Bladders were isolated 6 or 24 hours post-infection 
(hpi) during the pathogen clearance phase of UTI, or 72 hpi during the tissue repair phase of UTI, 
with PBS-treated mice serving as a 0 hpi control. Macrophages/monocytes (M/Ms) were defined 
as granular cells positive for the hematopoietic cell marker CD45, the phagocytic receptor CD64 
[19, 22-25], the integrin CD11b [19, 25, 26], and the mature macrophage marker F4/80 [19, 21, 
24-30] (Fig 1A). Dendritic cells (DCs) were defined as granular cells negative for F4/80 and 
positive for CD45, CD64 [20], and CD11b (Fig 1A). 
 Before infection, we observed relatively few bladder hematopoietic cells and innate immune 
cells, though their numbers increased upon UPEC infection, as expected, peaking at 24 hpi (Fig 
1B). Innate immune cells comprised most of the hematopoietic cells present before and during 
infection (Fig 1B). Though a relatively small number of bladder DCs and M/Ms were present 
before infection, the number of DCs and M/Ms increased over the course of infection (Fig 1C). 
Before and after infection, relatively few innate immune cells were positive for MerTK, a marker 
of tissue macrophages [22] (data not shown). This may not be indicative of a lack of tissue 
macrophages, but instead may reflect proteolytic cleavage of MerTK from the innate immune cell 
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surface [326, 327]. Taken together, this data suggests that the bladder innate immune system is 
present before a UTI, and expands to adequately respond to UPEC infection.  
  
5.3.2 Bladder monocytes/macrophages and DCs express markers of iron 
retention during a UTI 
 Previous work has shown that, in the absence of infection, resident macrophages in a number 
of tissues release free iron, providing host cells with access to iron [38, 39, 41, 52, 90]. In response 
to bacterial infection, innate immune cells retain iron and thereby limit bacterial access to iron 
[110, 111]. However, it remains unclear whether bladder innate immune cells retain iron in 
response to UPEC and whether, in the absence of infection, bladder innate immune cells release 
free iron. In order to investigate these questions, we isolated bladder cells from PBS-treated control 
mice and mice infected with UPEC, and then analyzed the cells by flow cytometry. There were 
few DCs positive for CD163 or TFR1 before and during UPEC infection (Fig 2A), suggesting that 
DCs were not releasing free iron from host iron-containing compounds. In contrast, the number of 
CD163+ M/Ms and TFR1+ M/Ms increased by 6 hpi and then decreased by 24 hpi, in comparison 
to the uninfected state, with relatively few CD163+ M/Ms and TFR1+ M/Ms in the absence of 
infection (Fig 2B). Thus, our data show that while M/Ms express markers of iron release during 
the early phase of UPEC infection, M/Ms and DCs lack expression of these markers during the 
later stages of the pathogen clearance response and during the tissue repair response. 
 To further investigate macrophage iron regulation response over the course of a UTI, we 
isolated bladders from PBS-treated control mice and mice infected with UPEC for 24 hours, 
isolated bladder M/Ms and DCs, and analyzed the sorted populations by microarray. There was no 
significant difference in bladder DC and M/M expression of Cd163 at 24 hpi in comparison to an 
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uninfected state (data not shown). A similar pattern was observed with bladder DC and M/M 
expression of Tfr1 (data not shown). We also found that DCs and M/Ms increased expression of 
the iron uptake molecules Dmt1 and Zip14 at 24 hpi (Fig 2C), suggesting that these innate immune 
cells were able to take up more free iron. M/Ms, but not DCs, also decreased ceruloplasmin (Cp) 
expression (Fig 2C), suggesting that the M/Ms retained free iron by limiting iron export through 
ferroportin. This occurred despite no significant difference in DC and M/M ferroportin expression 
(data not shown) and a significant reduction in M/M and DC hepcidin (Hamp1) expression (Fig 
2C). This suggests that M/M and DC iron retention did not involve inhibition of ferroportin 
expression nor increased hepcidin expression. Bladder DCs and M/Ms also increased production 
of pro-inflammatory cytokines that promote host free iron retention, as evidenced by increased 
expression of Il-6, Il-1β, and Tnf-α (Fig 2C). In addition to expressing markers of free iron 
retention, the bladder DCs and M/Ms promoted expression of markers associated with the uptake 
of extracellular siderophore-bound iron, as reflected in increased expression of lipocalin 2 (Lcn2) 
at 24 hpi (Fig 2C). Taken together, these results indicate that bladder M/Ms and DCs promote iron 
retention and uptake of siderophore-bound iron retain in response to UPEC infection. 
 
5.3.3  Bladder macrophages express scavenger receptors in response to UPEC 
 In addition to regulating host iron levels, M/Ms and DCs promote host recovery from infection 
by using scavenger receptors to phagocytose bacteria, apoptotic cells, and debris [51, 57, 59, 60, 
321]. To investigate the role of these scavenger receptors in the bladder innate immune cell 
response to UPEC, we used flow cytometry to determine scavenger receptors production by 
bladder M/Ms and DCs isolated from PBS-treated control mice and mice infected with UPEC. As 
previously noted, there were very few bladder DCs positive for CD163 (Fig 2A), suggesting that 
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DCs did not recognize UPEC via this scavenger receptor. In contrast, bladder M/Ms may have 
recognized UPEC via CD163 during the early response to UPEC infection, since CD163+ M/M 
numbers increased by 6 hpi and then decreased by 24 hpi (Fig 2B). Furthermore, the number of 
MARCO+ DCs increased by 6 hpi, and remained high at 24 and 72 hpi (Fig 3A). This suggests 
that bladder DCs produced a scavenger receptor for phagocytosis of UPEC and particles/debris, 
during both the pathogen clearance and tissue repair response following UPEC infection. 
However, the percentage of MARCO+ DCs decreased upon infection (Fig 3A). This implies that 
MARCO may have played a larger relative role in the DC response before UPEC infection and 
during the early pathogen clearance response, as opposed to during the later pathogen clearance 
phase and during the tissue repair. A similar point applies to SR-A1-mediated DC uptake of UPEC 
and host apoptotic cells, and CD206-mediated uptake of host glycoproteins and bacteria, as 
evidenced by a decreased percentage of SR-A1+ DCs und CD206+ DCs upon infection (Fig 3B). 
SR-A1 may also have been more important than CD206 for DC recognition of UPEC, since the 
number of SR-A1+ DCs increased upon infection, while the number of CD206+ DCs decreased 
(Fig 3B). In contrast, there was a lack of TLR4+ DCs both before and during infection (Fig 3A), 
suggesting that TLR4 was not required for bladder DCs to recognize, and respond to, UPEC.  
 We next examined bladder M/M scavenger receptor expression. As with MARCO+ DCs, 
MARCO+ M/Ms increased in number by 6 hpi, and remained high at 24 and 72 hpi (Fig 3C), 
suggesting an increase in the number of M/Ms capable of phagocytosing UPEC and 
particles/debris during the pathogen clearance and tissue repair response to UPEC. However, 
unlike DCs, the percentage of MARCO+ M/Ms remained low before, and during, UPEC infection 
(Fig 3C), implying that MARCO-mediated phagocytosis of UPEC and particles was not the 
predominate function of most bladder M/Ms. The percentage of TLR4+ M/Ms was also low, with 
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a brief increase at 6 hpi (Fig 3C). This suggests that TLR4 might play a role in the early pathogen 
clearance response to UPEC, but not during the subsequent tissue repair response. This was further 
confirmed by increased numbers of TLR4+ M/Ms at 6 hpi, with a subsequent decrease by 24 hpi 
and 72 hpi (Fig 3C). In contrast, CD206+ M/M numbers remained relatively constant before and 
during infection, though the percentage of CD206+ M/M was high before infection and at 6 hpi, 
with a subsequent decrease by 24 hpi and 72 hpi (Fig 3D). This suggests that the bladder 
persistently contained M/Ms capable of CD206-mediated phagocytosis of host glycoproteins, but 
that this CD206-mediated uptake was not the predominate function of bladder M/Ms during the 
late pathogen clearance and during the tissue repair response to UPEC. Instead there was a 
preponderance of M/Ms that could phagocytose UPEC and apoptotic cells, as evidenced by a large 
percentage SR-A1+ M/Ms before UPEC infection and at 6, 24, and 72 hpi (Fig 3D). Moreover, 
SR-A1+ M/M numbers increased by 24 and 72 hpi (Fig 3D); at 24 and 72 hpi, the number of SR-
A1+ M/Ms outnumbered CD206+ M/Ms, TLR4+ M/Ms, and MARCO+ M/Ms by at least 4:1 (Fig 
3D). This implies that SR-A1-mediated clearance of UPEC and apoptotic cells may be particularly 
significant during the late pathogen clearance and tissue repair response.  
 To further investigate macrophage scavenger receptor expression over the course of a UTI, we 
isolated bladders from PBS-treated control mice and mice infected with UPEC for 24 hours, 
isolated bladder M/Ms and DCs, and analyzed gene expression in these cells via microarray. We 
found no significant differences in DC and M/M expression of Cd206 (data not shown) and Marco 
(Fig 3E), while Tlr4 expression increased by 24 hpi (Fig 3E), suggesting that M/Ms and DCs can 
modulate surface protein levels of these scavenger receptors without significantly modulating their 
mRNA expression. Bladder DCs and M/Ms also increased expression of Sr-a1 (Fig 3E), consistent 
with the increased numbers SR-A1+ DCs (Fig 3B) and M/Ms (Fig 3D) at 24 hpi. Furthermore, 
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DCs and M/Ms decreased decreasing expression of Ssc5d (Fig 3E), suggesting that by the late 
stages of the pathogen clearance response, DCs and M/Ms may have shifted away from SSC5D-
mediated recognition of host glycoproteins. Taken together, our results imply that before and 
throughout a UPEC infection, bladder DCs can phagocytose UPEC, particles/debris, and apoptotic 
cells via MARCO and SR-A1 (Fig 4). Furthermore, bladder M/Ms express scavenger receptors for 
the uptake of extracellular bacteria during the early innate immune cell response to UPEC 
infection, while expressing receptors for the clearance of bacteria, apoptotic cells, and particles 
during the late pathogen clearance and tissue repair response (Fig 4).  
 
5.4 Discussion 
  
 Here, we investigated the bladder innate immune cell compartment before and during infection 
with UPEC. We observed that, before infection, dendritic cells (DCs) and monocytes/macrophages 
(M/Ms) populated the bladder. This agrees with previous studies which showed that in the absence 
of infection, the bladder contains resident macrophage and monocytes [19, 27]. Schiwon et. al. 
detected approximately 3-fold more macrophages per bladder than revealed in order study [27]. In 
contrast to Schiwon et. al., Engel et. al. observed bladder M/M and DC numbers similar to our 
own observations [47]. This discrepancy likely results from at least two factors. First, our protocol 
for isolating bladder cells differed from the isolation protocol used by Schiwon et. al. Second, we 
used a narrower definition of bladder macrophages (CD45+CD11b+CD64+F4/80+), in contrast to 
the broader definition used by Schiwon et. al. (F4/80+) [27]. Our narrower definition may provide 
greater confidence that our isolated cells were macrophages, at the expense of yielding a smaller 
numbers of isolated cells. 
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In the absence of infection, a sizable percentage of bladder DCs were positive for MARCO, a 
scavenger receptor against particles/debris, and SR-A1, a receptor against apoptotic cells [51, 59, 
60]. Resident bladder DCs might therefore use these receptors to maintain tissue homeostasis in 
the absence of infection, by keeping the bladder free of dead host cells and particles. Alternatively, 
resident DCs could also maintain tissue homeostasis by clearing excess host glycoproteins. 
Consistent with this, we observed that in the absence of infection, bladder DCs expressed CD206 
and SSC5D, scavenger receptors against host glycoproteins [64-67, 322, 323, 328]. Resident 
bladder M/Ms also expressed SSC5D, CD206, and SR-A1, though very few resident DCs were 
MARCO+. Thus resident DCs, as opposed to resident M/Ms, may be the innate immune cell 
population primarily responsible for clearing the bladder of particles/debris. 
In addition to maintaining tissue homeostasis, resident innate immune cells must recognize, 
and initiate an innate immune response to, UPEC upon UPEC infection [27]. Given the role of 
CD206 [65, 68-70], MARCO, and SR-A1 in pathogen recognition [57], resident DCs might 
therefore use to scavenger receptors to bind invading UPEC. Similarly, resident M/Ms might 
recognize UPEC via CD206 and SR-A1. However, it is unlikely that resident M/Ms and DCs use 
the pathogen-recognition receptors TLR4 [28, 56] and CD163 [74] to recognize UPEC, since 
TLR4+ and CD163+ resident DCs and M/Ms made up a very small proportion of their respective 
resident pools. Resident bladder macrophages, upon UPEC infection, are known to recruit 
neutrophils and inflammatory macrophages to the bladder within the first few hours of UPEC 
infection [27]. Consistent with this, we observed increased numbers of bladder M/Ms and DCs 
upon infection, similar to the previously reported numbers [47].  
Scavenger receptor expression could influence recruitment of these innate immune cells. For 
example, SSC5D, which recognizes both E. coli and host extracellular proteins, is known to inhibit 
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production of the innate-immune-cell-recruiting chemokines interleukin 8 (IL-8) [322]. UPEC 
might therefore dampen the host innate immune response by exploiting SSC5D-mediated 
signaling, despite previous work showing increased kidney SSC5D expression within 24 hours of 
kidney UTI [323]. However, this may reflect epithelial cell expression of SSC5D. In contrast to 
epithelial cells, M/Ms and DCs might inhibit SSC5D expression, preventing UPEC from 
exploiting SSC5D to dampen the innate immune cell response. Consistent with this, we observed 
decreased bladder DC and M/M SSC5D expression. Thus, inhibition of SSC5D could promote 
innate immune cell clearance of UPEC. Conversely, DC and M/M expression of other scavenger 
receptors could benefit the host response during a UTI. In line with this, a large number of 
scavenger-receptor-expressing M/Ms and DCs were present at 6, 24, and 72 hpi, suggesting that 
the M/M and DC scavenger receptors could influence the pathogen clearance and tissue repair 
response to UPEC. 
We can therefore separate M/M and DC scavenger receptors into at least two categories: 
scavenger receptors produced predominantly during the early pathogen clearance response to 
UPEC at 6 hpi, and scavenger receptors that persisted throughout the pathogen clearance response 
and into the tissue repair response at 72 hpi. Scavenger receptors in the former category may 
primarily be involved pathogen clearance, as opposed to tissue repair. This category includes 
CD206 on DCs, and TLR4 and CD163 on M/Ms. Scavenger receptors in the latter category may 
both clear bacteria from the infected bladder tissue and help return the bladder to a healthy state. 
This category includes CD206 on M/Ms, MARCO on DCs and M/Ms, and SR-A1 on DCs and 
M/Ms. SR-A1 may be of particular note, since at 24 and 72 hpi, SR-A1+ M/Ms vastly outnumber 
the other DC and M/M populations we examined. These M/Ms might clear UPEC-infected host 
cells that undergo apoptosis, thereby promoting a more rapid tissue repair response. Factors that 
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influence SR-A1 expression might therefore influence tissue repair response that follows clearance 
of UPEC. Autophagy genes are one such factor.  
Autophagy genes such as Atg3 and Atg7 are known to negatively regulate macrophage 
expression of MARCO and SR-A1 [57], and autophagy is involved processing of MARCO [187]. 
Autophagy genes might therefore inhibit UPEC clearance by inhibiting bladder macrophage 
expression of MARCO and SR-A1. Alternatively, autophagy gene may inhibit the tissue repair 
response that follows UPEC clearance, given the role of MARCO and SR-A1 in the clearance of 
apoptotic host cells and particles [51, 59, 60]. Consistent with this, mice with a deficiency in the 
autophagy gene/protein ATG16L1 cleared UPEC faster than control mice and displayed reduced 
inflammation six days post-infection, indicating a more rapid tissue repair response after clearance 
of most of the bacteria. Furthermore, macrophages from mice with an innate-immune-cell-specific 
deficiency in ATG16L1 took up more UPEC than control macrophages [35, 36, 198], consistent 
with increased MARCO- and SR-A1-mediated uptake of UPEC. This may be of particular 
relevance to the human infections, given the prevalence of nonsynonymous polymorphisms in 
human Atg16l1 [205, 207]. Modulation of MARCO and SR-A1 expression might therefore offer 
a novel route for improving recovery from a UTI. 
In addition to binding bacteria, scavenger receptors can influence host regulation of iron, a 
metal crucial for both mammalian cells and microbes [75, 76, 111]. For example, macrophage 
CD163 binds both E. coli [74] and host iron-containing compounds, facilitating the release of free 
iron into the extra-macrophagic space [38, 40]. Interestingly, there was a brief increase in the 
number of bladder M/Ms, but not DCs, positive for CD163 and TFR1, receptors that promote 
release of free iron [38, 79, 120]. This iron may promote UPEC survival, since UPEC exploits host 
iron by elaborating siderophores [78, 98-107]. However, this effect may be temporary, since the 
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number of CD163+ and TFR1+ bladder M/Ms substantially decreased 24 hpi. Thus, the increase at 
6 hpi may represent a lag in the innate immune cell transition from an iron release phenotype to 
the iron retention phenotype required in response to bacterial infection. Conversely, M/M CD163 
expression may have promoted the host response to UPEC, since CD163 induces expression of 
the pro-inflammatory cytokine TNF-α upon recognition of E. coli [74]. In support of this, we 
observed that bladder M/Ms and DCs increased TNF-α expression by 24 hpi, consistent with 
previous results showing that innate immune cells produce TNF-α in response to UPEC [47].  
Alongside increased TNF-a expression, bladder M/Ms and DCs increased expression of the 
pro-inflammatory cytokines Il-6 and Il-1β, consistent with previous data showing that host cells, 
including macrophages, produce IL-6 and IL-1β in response to UPEC infection [36, 157-159]. 
This IL-6 and IL-1β may have promoted host iron retention, since IL-6 and IL-1β are known to 
induce hepatocyte production of hepcidin, a negative regulator of the iron exporter ferroportin. 
Furthermore, local infections can induce systemic response in which liver hepatocytes produce 
hepcidin in response to serum IL-6 and IL-1β. This hepcidin then affects systemic survival of 
bacteria, including intra-macrophagic bacterial survival [125]. Thus, upon a bladder UPEC 
infection, bladder M/M- and DC-derived IL-6 and IL-1β could travel to the liver, inducing 
hepatocyte production of hepcidin. Hepatocyte-derived hepcidin might then travel back to the 
bladder, inducing iron retention by host bladder cells, including M/Ms and DCs. Bladder M/Ms 
and DCs might therefore rely, in part, on hepatocyte hepcidin production to limit release of free 
iron, instead of bladder M/Ms and DCs inhibiting their own ferroportin expression, producing 
hepcidin themselves, or having hepcidin act M/Ms in an autocrine fashion [122]. This may explain 
our observation that bladder M/Ms and DCs did not significantly change their expression of 
ferroportin or hepcidin by 24 hpi in comparison to an uninfected state. Alternatively, our results 
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may be explained by M/M- and DC-derived IL-6 inhibiting ferroportin expression, and inhibiting 
hepcidin, by innate immune cells, consistent with observations our peritoneal macrophages 
(pMacs) infected with UPEC ex vivo (chapter 4), further confirming that peritoneal macrophages 
model host macrophage responses to UPEC [161]. 
In addition to expressing IL-6 and IL-1β, macrophages and DCs can promote host iron 
retention in a number of other ways. We show that by 24 hpi, there were less M/Ms positive for 
CD163 and TFR1, inhibiting M/M release of free iron from host iron-containing compounds. 
Bladder M/Ms and DCs also decreased expression of ceruloplasmin, thereby promoting M/M and 
DC iron retention by inhibiting the release of free iron through ferroportin Consistent with this 
iron retention phenotype,  M/Ms and DCs increased expression of the iron uptake molecules Dmt1 
and Zip14 by 24 hpi. The bladder M/Ms and DCs also increased expression of lipocalin 2, 
suggesting that these innate immune cells were limiting bacterial access to extracellular 
siderophore-bound iron. This increase in lipocalin 2 expression occurred alongside decrease in DC 
and M/M Tfr1 expression and increased IL-6 expression, consistent with our previous observation 
that IL-6 signaling promoted lipocalin 2 expression, and inhibited Tfr1 expression, by pMacs 
infected with UPEC ex vivo (chapter 4). Thus bladder M/Ms and DCs underwent an iron retention 
response similar to that observed UPEC-infected pMacs, in agreement with previous research 
showing that peritoneal macrophages model host macrophage responses to UPEC [161].   
 Since the pMac iron regulation response limited the ability of UPEC to exploit iron to promote 
UPEC survival (chapter 4), the bladder M/M and DC iron regulation response might similarly limit 
the ability of UPEC to exploit iron during a UTI. This may be particularly important for in vivo 
infections, since the innate immune system needs to limit the ability of UPEC to access any free 
iron released by CD163+ and TFR1+ M/Ms present at 6 hpi. This may help explain why UPEC 
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limits IL-6 production [161, 162]: limiting IL-6 production provides UPEC with access to free 
iron. Given this, activators of IL-6 signaling may be a useful tool for modulating iron-dependent 
host immune responses during UPEC infection. We therefore propose that UPEC survival and 
growth within the bladder epithelium may be diminished by the bladder macrophage and DC anti-
microbial iron regulation response. In line with this, previous studies have shown that loss of 
lipocalin 2 and hepcidin resulted in increased rates of pyelonephritis in mice and women [140, 
141, 320]. Modulating the host iron regulation response may provide an effective treatment for 
UTIs caused by UPEC. 
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FIG 1 The bladder macrophage, monocyte, and DC compartment expands upon UPEC infection. (A) Gating strategy innate 
immune cells (CD45+CD11b+), macrophages/monocytes (CD45+CD11b+CD64+F4/80+) and dendritic cells 
(CD45+CD11b+CD64+F4/80-). Flow cytometric analysis of the number of (B) hematopoeitic cells, innate immune cells, (C) 
macrophages/monocytes (M/Ms), and dendritic cells (DCs) from uninfected UTI89-infected mouse bladders at 6, 24, or 72 
hours post-infection [B - C : two experiments each, 5 mouse bladders pooled per group per experiment, bars represent +/- 
SEM].  
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FIG 2 Bladder monocytes/macrophages and DCs, in response to UPEC infection, express markers associated with retention 
of free iron and uptake of extracellular siderophore-bound iron. (A) Flow cytometric analysis of the number and percentage 
of CD163+ DCs and CD71+ DCs from uninfected and UTI89-infected mouse bladders. (B) Flow cytometric analysis of the 
number and percentage of CD163+ M/Ms and CD71+ M/Ms from uninfected and UTI89-infected mouse bladders. (C) 
Microarray analysis of DCs and M/Ms from uninfected and UTI89-infected mouse bladders [A - C : two experiments each, 5 
mouse bladders pooled per group per experiment, bars represent +/- SEM, *p < 0.05, **p < 0.01, ***p < 0.001; C : cutoff at 
fold change > 2 between 0 hpi and 24 hpi DC samples, or between 0 hpi and 24 hpi M/M samples]. 
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FIG 3 UPEC infection promotes bladder macrophage and monocyte expression of scavenger receptors for the clearance of 
UPEC, host apoptotic cells, and particles. (A) Flow cytometric analysis of the number and percentage of MARCO+ DCs and 
TLR4+ DCs from uninfected and UTI89-infected mouse bladders. (B) Flow cytometric analysis of the number and percentage 
of SR-A1+ DCs and CD206+ DCs from uninfected and UTI89-infected mouse bladders. (C) Flow cytometric analysis of the 
number and percentage of MARCO+ M/Ms and TLR4+ M/Ms from uninfected and UTI89-infected mouse bladders. (D) Flow 
cytometric analysis of the number and percentage of SR-A1+ M/Ms and CD206+ M/Ms from uninfected and UTI89-infected 
mouse bladders. (E) Microarray analysis for DCs and M/Ms from uninfected and UTI89-infected mouse bladders [A - E : two 
experiments each, 5 mouse bladders pooled per group per experiment, bars represent +/- SEM, *p < 0.05, **p < 0.01, ***p < 
0.001; E : cutoff at fold change > 2 between 0 hpi and 24 hpi DC samples, or between 0 hpi and 24 hpi M/M samples]. 
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Chapter 6: Conclusions and Future 
Directions  
 
 Given the prevalence of antibiotic resistance among UPEC strains [1, 4], there is an increasing 
need to develop ways to harness the bladder innate immune response that clears infection [18]. 
Additionally, in the absence of infection, the bladder innate immune system may need to promote 
tissue homeostasis and limit inflammation, since chronic bladder inflammation is harmful to the 
host [329, 330]. Understanding the bladder innate immune system might therefore offer insights 
into bladder health, both in the absence of infection and during a UTI.  
  
6.1 Investigate innate and recruited bladder innate immune 
cell populations 
 
 Macrophages and dendritic cells (DCs) are innate immune cells that can develop from 
precursors known as monocytes [41]. Monocytes, macrophages, and DCs reside in the bladder in 
the absence of infection, and their numbers expand during a UTI [19]. In agreement with this, we 
observed increased DC and monocytes/macrophage numbers within 6 hours of UPEC infection, 
with these numbers remaining during the bladder tissue repair response at 72 hpi. It is unknown 
whether this increase reflects proliferation of resident innate immune cells or an influx of recruited 
innate immune cells, though resident bladder macrophages are known to recruit innate immune 
cells such as inflammatory macrophages and neutrophils to the infected bladder mucosa [27, 44]. 
Fate-mapping of innate immune cell populations [331, 332] could clarify this matter. 
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 Resident bladder macrophages are known to release CCL2, a chemokine that recruits 
inflammatory macrophages. Bladder macrophages also release MIF, CXCL1, and CXCL2, 
chemokines which induce neutrophil migration into the infected tissue (Chapter 1, Fig 1B). 
Neutrophils then use matrix metalloproteinases to enter the infected mucosa [27]. Chemokines, in 
addition to promoting innate immune cell recruitment, affect innate immune cell activation via 
chemokine receptor signaling [333], while the chemokine receptor CCR2 is dispensable for 
monocyte entry into the bladder [26] and clearance of UPEC [47]. Our results shed some light on 
the role chemokine receptors and chemokines in the bladder response to UPEC. By 24 hpi, we 
observed increased monocyte/macrophage, but not DC, expression of Ccr2 (Appendix, Fig 1). We 
also observed increased monocyte/macrophage and DC expression of Cxcl1 and Cxcl2, but not of 
Ccl2 and MIF (data not shown). Further work is required to clarify how innate immune cells enter 
the infected bladder mucosa upon infection and the role chemokines play in this process. 
Interactions between innate cells and bladder epithelial cells also merit heightened scrutiny, given 
the role of these interactions in facilitating neutrophil migration into other tissues [50]. We may 
examine this interface ex vivo, by investigating interactions between UPEC infected bladder 
epithelial cells peritoneal macrophages (pMacs). Understanding innate immune entry into infected 
tissue may offer insight into novel drug targets for treating UTIs [334]. 
 
6.2 Determine how macrophage scavenger receptors 
influence the host response to UPEC  
 
 Upon entering infected tissue, macrophages and DCs phagocytose bacteria through the use of 
scavenger receptors [51, 321]; macrophages and DCs also use these receptors to recognize host 
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glycoproteins, particles, and host apoptotic cells [51, 57, 59, 60, 64-67, 321], thereby facilitating 
tissue repair and homeostasis by clearing these targets. Bladder macrophage scavenger receptors 
may significantly influence bladder health, as evidenced by the correlation between poor bladder 
cancer prognosis and bladder macrophage expression of the scavenger receptor CD163 [91, 92]. 
It was unknown, however, what scavenger receptors bladder macrophages, monocytes, and DCs 
expressed over the course of a UTI. 
 We revealed that in the uninfected bladder, there are resident macrophages/monocytes and 
DCs expressing scavenger receptors that allow for the phagocytosis of bacteria and maintenance 
of tissue health through the phagocytosis of apoptotic cells, particles/debris, and host 
glycoproteins. These scavenger receptors include CD206 [64-70], MARCO, and SR-A1 [51, 57, 
59, 60]. To further clarify the role these scavenger receptors play in innate immune cell 
phagocytosis of UPEC, we could infect scavenger-receptor-deficient pMacs and bone marrow 
derived DCs (BMDCs) with UPEC ex vivo. We also observed that during the early pathogen 
clearance phase at 6 hours post-infection (hpi), there were more bladder macrophages/monocytes, 
but not DCs, positive for CD163, TLR4 and CD206. By 24 hpi, these CD163+, TLR4+ and CD206+ 
monocytes/macrophages were not present. This suggests that CD163, TLR4 and CD206 were 
primarily required for the early pathogen clearance response to UPEC, consistent with the role of 
these scavenger receptors in recognizing bacteria [28, 56, 65, 68-70, 74]. Monocytes/macrophages 
and DCs also decreased expression of the scavenger Ssc5D by 24 hpi, possibly preventing UPEC 
from using this scavenger receptor to limit production on innate-immune-cell-recruiting 
chemokines [322]. In contrast, at 24 hpi there were still monocytes/macrophages and DCs that 
could recognize UPEC via SR-A1 or MARCO [57]. MARCO+ and SR-A1+ 
monocytes/macrophages and DCs were also present at 72 hpi, suggesting that MARCO and SR-
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A1 may be involved in the tissue repair response that follows UPEC clearance. MARCO and SR-
A1 might promote tissue repair via the clearance of particles/debris and apoptotic cells, 
respectively [51, 59, 60]. 
 To further elucidate the role of these macrophages in maintaining bladder integrity, 
homeostasis, UPEC clearance, and tissue repair, we could examine histological sections from the 
bladders of mice deficient in MARCO [335-337], SR-A1 [336, 337], CD206 [338-340], CD163 
[341-343], or SSC5D, and also measure UPEC levels in the bladder and urine of these mice. We 
would also measure cytokine levels, along with macrophage expression of inflammatory cytokines 
given the role of scavenger receptors in regulating cytokine production by macrophages and DCs 
[322, 344]. Taken together, these experiments should increase our knowledge how scavenger 
receptors influence bladder health before, during, and after a UTI. 
 
6.3 Examine how ATG16L affect macrophage scavenger 
receptor responses to UPEC  
 
 A number of factors are known to influence scavenger receptor expression. Autophagy, a 
process in which double-membrane autophagosomes form around intracellular contents [167], is 
one such factor. Autophagy genes negatively regulate macrophage MARCO and SR-A1 
expression [57], and autophagy is involved processing on MARCO [187]. Given the role of 
MARCO and SR-A1 in the clearance of E. coli, apoptotic host cells, and particles/debris [51, 57, 
59, 60], autophagy genes might limit UPEC clearance, and the subsequent bladder tissue repair 
response, by inhibiting innate immune cell expression of MARCO and SR-A1. Consistent with 
this, mice with a deficiency in the autophagy protein ATG16L1 cleared UPEC faster than control 
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mice and displayed reduced inflammation six days post-infection, indicating a more rapid tissue 
repair response after bacterial clearance. Moreover, ATG16L1-deficient macrophages took up 
more UPEC than control macrophages [35, 36, 198], consistent with increased MARCO- and SR-
A1-mediated uptake of UPEC. It remains unclear, however, whether MARCO and SR-A1 are 
required for this increase uptake. We could clarify this matter by measuring intra-macrophagic 
UPEC levels in ATG16L1-deficient pMacs and BMDCs treated with antibodies blocking the 
pathogen–binding domain of MARCO and SR-A1.  
Understanding ATG16L1-mediated modulation of MARCO and SR-A1 may be of particular 
importance to human health, given the prevalence of nonsynonymous polymorphisms in human 
Atg16l1 [205, 207]. We may further elucidate the effect of ATG16L1 on bladder macrophage 
scavenger receptor expression, by determining the number of MARCO+ and SR-A1+ macrophages 
and DCs in mice with a myeloid-cell-specific deficiency in ATG16L1 (LyzM-Cre+ Atg16l1fl/fl) 
[36, 345]. We will also examine bladder macrophage expression of various markers of classical 
and alternative activation, given the role of ATG16L1 inhibiting macrophage pro-inflammatory 
activation [36, 201, 208]. Taken together, these results may be relevant to human infections, since 
human MARCO polymorphisms are associated with susceptibility to M. tuberculosis [346, 347] 
and MARCO is required for macrophage cytokine responses to M. tuberculosis [337]. Thus, 
understanding ATG16L1-mediated modulation of MARCO and SR-A1 expression might provide 
insight into the prevalence of human UTIs and novel means of improving recovery from a UTI.  
It may also be worthwhile to investigate effect of ATG16L1 on CD206 expression, since innate 
immune cell autophagy has been shown to correlate with CD206 expression [348], in contrast to 
autophagy negatively correlating with MARCO and SR-A1 expression. Autophagy may thus 
regulate different scavenger receptors in different ways. Autophagic regulation of CD206 may be 
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of particular relevance to human infections, since human Cd206 polymorphisms correlate with 
host responses to M. tuberculosis and M. leprae [349-353]. Further research may reveal a link 
between Cd206 polymorphisms and host susceptibility to UTIs. 
Understanding the interplay ATG16L1 on macrophage and DC scavenger receptor expression 
may provide insight into other conditions. Intestinal DCs and macrophages [354, 355] deficient in 
ATG16L1, for instance, may express more MARCO and SR-A1, which may partially mediate the 
well-established link between Atg16l1 polymorphisms and the intestinal disorder Crohn's Disease 
[204, 205]. In addition to autophagy genes regulating scavenger receptor expression, scavenger 
receptors can also promote [356, 357] or inhibit autophagy [358]. Future research might therefore 
focus on the relationship Atg16L1 polymorphisms influence scavenger receptor expression in 
various tissues. 
 
6.4 Elucidate the role of macrophage iron regulation 
markers in limiting UPEC survival  
 
 In addition to expressing scavenger receptors, macrophages, in the absence of infection, 
provide host cells with access to iron [38, 39, 41, 52, 90] (Chapter 1, Fig 4A), a molecule critical 
for mammalian and microbial cells [75-79], thereby promoting tissue homeostasis and tissue 
recovery after injury [38, 39, 41, 52, 90]. Conversely, in response to a variety of infections, 
macrophages retain free iron on the iron cargo molecule ferritin, limiting the ability of bacteria to 
access free iron [77-79, 87, 98, 111] (Chapter 1, Fig 4B). Recent studies have shown that the host 
produces the iron regulation markers hepcidin and lipocalin 2 during a UTI [101, 146], in an 
attempt to prevent UPEC from accessing host iron. Since both lipocalin 2 and hepcidin are required 
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for limiting UPEC survival [140, 320], this suggest that host iron regulation may be important for 
limiting UPEC growth during a UTI. However, little was known about the macrophage and DC 
iron regulation in response to UPEC and in the absence of infection.  
 We showed that under ex vivo culture conditions, pMacs retained free iron in response to UPEC 
and expressed markers for the uptake of iron bound to UPEC siderophores. This response was 
evidenced by increased macrophage expression of hepcidin and lipocalin 2, respectively. UPEC 
was not able to access the retained intra-macrophagic iron to promote UPEC intra-macrophagic 
survival, in contrast to bacteria such as F. tularensis and S. typhimurium that exploit macrophages 
as a source of iron [95, 121, 124, 125]. We then extended our ex vivo work to in vivo UTIs. We 
observed that, by 24 hpi with UPEC, bladder monocytes/macrophages and DCs increased 
expression of markers of iron retention and uptake of siderophore-bound iron, suggesting that the 
bladder monocytes/macrophages and DC may have limited the ability of UPEC to exploit iron 
during a UTI.  
 Further work is required to clarify whether iron regulation influences the systemic response to 
UPEC. For example, in response to infection, macrophages are known to induce liver production 
of hepcidin, a molecule that promotes host cell iron retention [125, 150-155]. Hepcidin then enters 
systemic circulation, inducing iron retention in tissues outside the liver [125]. It remains unclear, 
however, whether bladder macrophages promote liver hepcidin production during a UTI. Nor is it 
clear whether liver-derived hepcidin might affects UPEC survival. These questions can be 
addressed by measuring liver hepcidin production and bladder UPEC titer during a bladder UTI, 
both in control mice and mice in which monocytes/macrophages have been depleted via clodrolip 
treatment [36]. We could also investigate the role of macrophage-derived hepcidin by measuring 
bladder UPEC titers in mice a myeloid cell specific deletion in hepcidin (LyzM-Cre Hepcfl/fl). 
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Similarly, we may also investigate the role of macrophage-derived lipocalin 2 by generating 
LyzM-Cre Lcn2fl/fl mice. 
 Dietary iron levels, in concert with iron regulation proteins such hepcidin and lipocalin, 
modulate iron availability within to both host cells and microbes [111, 359]. Since UPEC accesses 
iron, especially within bladder epithelial cells [98, 149], increased dietary iron may therefore 
provide UPEC with more iron, augmenting UPEC growth during a bladder UTI. To test for this, 
another member of the lab is examining UPEC survival in the bladders of mice on low iron, 
control, or high iron diets. These experiments could be repeated in clodrolip-treated mice, in order 
to determine whether monocytes/macrophages limit the ability of UPEC to exploit excess dietary 
iron. Alternatively, these questions could be answered in an ex vivo culture system, in which 
bladder epithelial cells are cultured with or without pMacs. One could then infect the epithelial 
cells with UPEC, with or without iron supplementation, to determine whether macrophages limited 
intraepithelial UPEC survival. Co-culture experiments hepcidin- [320], lipocalin-2- [140], or 
lipocalin-2-receptor-deficient pMacs could also elucidate the effect of macrophage-derived iron 
regulation markers on intraepithelial UPEC survival. Taken together, these results should provide 
further insight into how host iron regulation and dietary iron levels influence the course of a 
bladder UTI. 
 
6.5 Investigate the effect of ATG16L1 host iron regulation 
during a UTI 
 
 Autophagy is known to influence host iron regulation [75, 149, 170, 171]. Previous work, for 
example, has shown that autophagic uptake of iron ferritin-bound iron releases the iron from 
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ferritin, providing host cells with free iron. This process is known as ferritinophagy [168, 170]. 
Thus autophagy might limit host iron retention. Furthermore, autophagy might inhibit iron 
retention by promoting release of free iron. Consistent with this, ATG16L1 negatively regulates 
macrophage production of IL-1β [36, 201], a pro-inflammatory cytokine known to induce liver 
hepcidin production [150]. This further suggests that ATG16L1 may inhibit macrophage iron 
retention by inhibiting macrophage pro-inflammatory activation, since pro-inflammatory 
macrophages are known to retain free iron [38, 39] and autophagy genes negatively regulate 
macrophage classical activation [208]. ATG16L1-mediated iron regulation could be particular 
important during a bladder UTI, since our lab has recently shown the ferritinophagy augments 
UPEC titers within bladder epithelial cells [149]. However, it remains unclear what role ATG16L1 
might play in the macrophage iron regulation response to UPEC.  
 Surprisingly, our preliminary data suggests that ATG16L1 may augment UPEC-induced pMac 
iron retention, by limiting expression of the iron exporter ferroportin [359] and promoting hepcidin 
expression (Appendix, Fig 2). The mechanism by which this occurs remains unknown. We can 
determine if ATG16L1 promotes or limits the ability of UPEC to access intra-macrophagic iron, 
by ascertaining UPEC levels within ATG16L1-deficient pMacs and using electron microscopy to 
examine UPEC localization relative to intra-macrophagic iron-containing compartments. To 
further elucidate the role of ATG16L1 on macrophage iron regulation, we could infect mice with 
a myeloid-cell-specific deletion in ATG16L1 (LyzM-Cre+ Atg16l1fl/fl) with UPEC, and then 
examine bladder macrophage expression of iron regulatory markers. We could then investigate the 
effect of ATG16L1 on UPEC access to iron by determining bladder UPEC titers in ATG16L1-
deficient mice on low iron, control, or high iron diets. Alternatively, we could culture bladder 
epithelial cells with or without ATG16L1-deficient pMacs, and then determine intraepithelial and 
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intra-macrophagic UPEC titers upon UPEC infection with or without iron supplementation. These 
experiments may improve our understanding the influence of ATG16L1 on bladder health. This 
increased understanding may be of particular importance to human health, given the prevalence of 
nonsynonymous polymorphisms in human Atg16l1 [205, 207].  
 Human Atg16 l1 polymorphisms might indirectly influence host iron regulation, in part, by 
promoting liver damage. In support of this hypothesis, macrophage autophagy limits liver injury 
[360], including in response lipopolysaccharide from E. coli [361, 362], and alterations in 
autophagy contribute to many liver diseases [363]. Future research might therefore examine 
whether, and how, Atg16l1 polymorphisms affect iron regulation by the liver. Furthermore, 
hepatocyte autophagy promotes IL-6 production in response to viral infection [364], in contrast to 
how autophagy inhibits macrophage IL-1β production in response to bacterial infections [36, 201]. 
Given the role of IL-6 in inducing liver hepcidin production [312], this suggests that autophagy 
could, in response to some infections, promote hepcidin-mediated iron retention downstream of 
hepatocyte IL-6 signaling [312], thereby limiting pathogen access to iron. In such a context, 
Atg16l1 polymorphisms might provide the pathogen with iron, and thus worsen the host response 
to infection. Further work may clarify how Atg16l polymorphisms, and autophagy, contribute to 
the iron regulation. 
 
6.6 Investigate the role of IL-6 signaling and aging in the 
macrophage response to UPEC 
 
 The pro-inflammatory cytokine IL-6 plays an important role not only in host iron regulation, 
but the host response to UPEC as well [158, 159]. Both human and murine cells produce IL-6 in 
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response to urinary tract infection [36, 157-159, 365]. This may serve to limit host retention of 
free iron on ferritin, since IL-6 promotes liver hepcidin production [312]. In response, certain 
UPEC strains inhibit IL-6 production [161, 162], a strategy that may provide UPEC with increased 
access to host free iron. It was unknown, however, what effect IL-6 signaling has on the availability 
of iron to UPEC. We showed that pMac IL-6 signaling was necessary limiting the ability of UPEC 
to exploit intra-macrophagic iron. IL-6 signaling promoted UPEC-induced pMac production of 
lipocalin 2, implying a role for IL-6 in macrophage uptake on iron bound to UPEC siderophores 
[120, 126, 130]. However, IL-6 signaling inhibited pMac iron retention. This inhibition of iron 
retention may be explained by IL-6-induced lipocalin 2 production, consistent with lipocalin 2 
inhibiting macrophage iron retention in response S. typhimurium and limiting S. typhimurium 
survival [124]. 
 We extended out results to in vivo UTIs by showing that bladder monocytes/macrophages and 
DCs increase IL-6 expression by 24 hpi with UPEC. This may indicate a shift towards a CAM-
like phenotype [53, 333, 366], in agreement with our aforementioned results showing that by 24 
hpi, bladder monocytes/macrophages and DCs expressed more markers of CAM-like iron 
retention [333]. Future research can further illuminate the effect of IL-6 on bladder UTIs, by 
investigating liver hecpidin production, UPEC titers, and immune cell iron regulatory markers in 
UPEC-infected IL-6 knockout mice on low iron, control or high iron diets. Since the IL-6 / iron-
regulation axis can work in the opposite direction as well, with lipocalin 2 inhibiting macrophage 
IL-6 production and IL-6 release in response to E. coli-derived LPS [144, 145], it may be 
worthwhile to examine IL-6 expression and release by bladder innate immune cells from lipocalin-
2-deficient mice. 
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 Interestingly, though CAM-like macrophages are known to produce more IL-6 than AAM-like 
macrophages [53, 333, 366], IL-6 can promote the development of human AAM-like, anti-
inflammatory macrophages [348, 367-369], expressing scavenger receptors such as CD206 [348], 
CD163, and CD209 [369]. This anti-inflammatory effect of IL-6 may be mediated by autophagy, 
since IL-6 can activate autophagy in human innate immune cells [348] and autophagy genes inhibit 
macrophage pro-inflammatory responses [36, 201, 208]. Furthermore, IL-6 can inhibit monocyte 
differentiation into DCs, while promoting monocyte differentiation into CD14+ macrophages [348, 
369-371]. This may of particular relevance to the host response to UPEC, since CD14 expression 
increases during a UTI [28]. Consistent with this, we observed increased bladder DC and 
monocyte/macrophage expression of both IL-6 (Chapter 1, Fig 2C) and CD14 (Appendix, Fig 1) 
by 24 hpi with UPEC. Future research might therefore reveal that bladders from IL-6-KO mice 
will have less macrophages, more DCs, and a more pro-inflammatory macrophage population. In 
contradiction to this hypothesis, previous research suggests that IL-6 promotes inflammation. This 
can result in chronic inflammation and increased mortality as one ages [372], since IL-6 levels are 
known to increase with age [373, 374].  
 Autophagy genes may also play a role in an aged inflammatory phenotype, since murine 
macrophages undergo less autophagic flux as mice age, and the autophagy gene Atg7 negatively 
regulated basal and LPS-induced macrophage production of IL-6 [375]. Chronic IL-6-mediated 
inflammation might promote UPEC clearance during a UTI, consistent with the role of the 
autophagy gene ATG16L1 in inhibiting UPEC clearance [35, 36, 198]. Conversely, age-associated 
chronic inflammation may impair bladder health in the absence of infection and mar the tissue 
repair response that follows UPEC infection. We might address this issue by examining 
histological sections from uninfected and UPEC-infected aged mice in comparison to young mice. 
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This research might provide insight into the mechanisms underlying UTIs in aged populations 
[376]. 
 
6.7 Conclusions 
  
 In conclusion, our work suggests that innate immune cell scavenger receptors may help 
maintain bladder health in the absence of infection, clear UPEC during a UTI, and promote tissue 
repair response that follows a UTI. Additionally, modulating the host iron regulation response may 
limit the ability to UPEC to access iron. Dietary manipulation of host iron levels may therefore 
provide an effective treatment for UTIs, while therapeutic interventions that promote IL-6 
signaling may further facilitate rapid UPEC clearance.  
  
142 
 
References 
 
1 Foxman, B., The epidemiology of urinary tract infection. Nat Rev Urol 2010. 7: 653-660. 
2 Dielubanza, E. J. and Schaeffer, A. J., Urinary tract infections in women. Med Clin North 
Am 2011. 95: 27-41. 
3 Foxman, B., Urinary tract infection syndromes: occurrence, recurrence, bacteriology, risk 
factors, and disease burden. Infect Dis Clin North Am 2014. 28: 1-13. 
4 Barber, A. E., Norton, J. P., Spivak, A. M. and Mulvey, M. A., Urinary tract infections: 
current and emerging management strategies. Clin Infect Dis 2013. 57: 719-724. 
5 Mysorekar, I. U., Isaacson-Schmid, M., Walker, J. N., Mills, J. C. and Hultgren, S. J., 
Bone morphogenetic protein 4 signaling regulates epithelial renewal in the urinary tract in 
response to uropathogenic infection. Cell Host Microbe 2009. 5: 463-475. 
6 Hicks, R. M., The mammalian urinary bladder: an accommodating organ. Biol Rev Camb 
Philos Soc 1975. 50: 215-246. 
7 Hunstad, D. A. and Justice, S. S., Intracellular lifestyles and immune evasion strategies 
of uropathogenic Escherichia coli. Annu Rev Microbiol 2010. 64: 203-221. 
8 Wu, X. R., Kong, X. P., Pellicer, A., Kreibich, G. and Sun, T. T., Uroplakins in 
urothelial biology, function, and disease. Kidney Int 2009. 75: 1153-1165. 
9 Zhou, G., Mo, W. J., Sebbel, P., Min, G., Neubert, T. A., Glockshuber, R., Wu, X. R., 
Sun, T. T. and Kong, X. P., Uroplakin Ia is the urothelial receptor for uropathogenic 
Escherichia coli: evidence from in vitro FimH binding. J Cell Sci 2001. 114: 4095-4103. 
10 Song, J., Bishop, B. L., Li, G., Duncan, M. J. and Abraham, S. N., TLR4-initiated and 
cAMP-mediated abrogation of bacterial invasion of the bladder. Cell Host Microbe 2007. 
1: 287-298. 
11 Bishop, B. L., Duncan, M. J., Song, J., Li, G., Zaas, D. and Abraham, S. N., Cyclic 
AMP-regulated exocytosis of Escherichia coli from infected bladder epithelial cells. Nat 
Med 2007. 13: 625-630. 
12 Anderson, G. G., Palermo, J. J., Schilling, J. D., Roth, R., Heuser, J. and Hultgren, S. 
J., Intracellular bacterial biofilm-like pods in urinary tract infections. Science 2003. 301: 
105-107. 
13 Mulvey, M. A., Schilling, J. D. and Hultgren, S. J., Establishment of a persistent 
Escherichia coli reservoir during the acute phase of a bladder infection. Infect Immun 2001. 
69: 4572-4579. 
143 
 
14 Justice, S. S., Hung, C., Theriot, J. A., Fletcher, D. A., Anderson, G. G., Footer, M. J. 
and Hultgren, S. J., Differentiation and developmental pathways of uropathogenic 
Escherichia coli in urinary tract pathogenesis. Proc Natl Acad Sci U S A 2004. 101: 1333-
1338. 
15 Rosen, D. A., Hooton, T. M., Stamm, W. E., Humphrey, P. A. and Hultgren, S. J., 
Detection of intracellular bacterial communities in human urinary tract infection. PLoS 
Med 2007. 4: e329. 
16 Mysorekar, I. U. and Hultgren, S. J., Mechanisms of uropathogenic Escherichia coli 
persistence and eradication from the urinary tract. Proc Natl Acad Sci U S A 2006. 103: 
14170-14175. 
17 Schilling, J. D., Lorenz, R. G. and Hultgren, S. J., Effect of trimethoprim-
sulfamethoxazole on recurrent bacteriuria and bacterial persistence in mice infected with 
uropathogenic Escherichia coli. Infect Immun 2002. 70: 7042-7049. 
18 Abraham, S. N. and Miao, Y., The nature of immune responses to urinary tract infections. 
Nat Rev Immunol 2015. 15: 655-663. 
19 Mora-Bau, G., Platt, A. M., van Rooijen, N., Randolph, G. J., Albert, M. L. and 
Ingersoll, M. A., Macrophages Subvert Adaptive Immunity to Urinary Tract Infection. 
PLoS Pathog 2015. 11: e1005044. 
20 Tamoutounour, S., Guilliams, M., Montanana Sanchis, F., Liu, H., Terhorst, D., 
Malosse, C., Pollet, E., Ardouin, L., Luche, H., Sanchez, C., Dalod, M., Malissen, B. 
and Henri, S., Origins and functional specialization of macrophages and of conventional 
and monocyte-derived dendritic cells in mouse skin. Immunity 2013. 39: 925-938. 
21 Ioan-Facsinay, A., de Kimpe, S. J., Hellwig, S. M., van Lent, P. L., Hofhuis, F. M., van 
Ojik, H. H., Sedlik, C., da Silveira, S. A., Gerber, J., de Jong, Y. F., Roozendaal, R., 
Aarden, L. A., van den Berg, W. B., Saito, T., Mosser, D., Amigorena, S., Izui, S., van 
Ommen, G. J., van Vugt, M., van de Winkel, J. G. and Verbeek, J. S., FcgammaRI 
(CD64) contributes substantially to severity of arthritis, hypersensitivity responses, and 
protection from bacterial infection. Immunity 2002. 16: 391-402. 
22 Gautier, E. L., Shay, T., Miller, J., Greter, M., Jakubzick, C., Ivanov, S., Helft, J., 
Chow, A., Elpek, K. G., Gordonov, S., Mazloom, A. R., Ma'ayan, A., Chua, W. J., 
Hansen, T. H., Turley, S. J., Merad, M., Randolph, G. J. and Immunological Genome, 
C., Gene-expression profiles and transcriptional regulatory pathways that underlie the 
identity and diversity of mouse tissue macrophages. Nat Immunol 2012. 13: 1118-1128. 
23 Tamoutounour, S., Henri, S., Lelouard, H., de Bovis, B., de Haar, C., van der Woude, 
C. J., Woltman, A. M., Reyal, Y., Bonnet, D., Sichien, D., Bain, C. C., Mowat, A. M., 
Reis e Sousa, C., Poulin, L. F., Malissen, B. and Guilliams, M., CD64 distinguishes 
macrophages from dendritic cells in the gut and reveals the Th1-inducing role of mesenteric 
lymph node macrophages during colitis. Eur J Immunol 2012. 42: 3150-3166. 
144 
 
24 Molawi, K., Wolf, Y., Kandalla, P. K., Favret, J., Hagemeyer, N., Frenzel, K., Pinto, 
A. R., Klapproth, K., Henri, S., Malissen, B., Rodewald, H. R., Rosenthal, N. A., 
Bajenoff, M., Prinz, M., Jung, S. and Sieweke, M. H., Progressive replacement of 
embryo-derived cardiac macrophages with age. J Exp Med 2014. 211: 2151-2158. 
25 Sheng, J., Ruedl, C. and Karjalainen, K., Most Tissue-Resident Macrophages Except 
Microglia Are Derived from Fetal Hematopoietic Stem Cells. Immunity 2015. 43: 382-393. 
26 Engel, D. R., Maurer, J., Tittel, A. P., Weisheit, C., Cavlar, T., Schumak, B., Limmer, 
A., van Rooijen, N., Trautwein, C., Tacke, F. and Kurts, C., CCR2 mediates 
homeostatic and inflammatory release of Gr1(high) monocytes from the bone marrow, but 
is dispensable for bladder infiltration in bacterial urinary tract infection. J Immunol 2008. 
181: 5579-5586. 
27 Schiwon, M., Weisheit, C., Franken, L., Gutweiler, S., Dixit, A., Meyer-Schwesinger, 
C., Pohl, J. M., Maurice, N. J., Thiebes, S., Lorenz, K., Quast, T., Fuhrmann, M., 
Baumgarten, G., Lohse, M. J., Opdenakker, G., Bernhagen, J., Bucala, R., Panzer, 
U., Kolanus, W., Grone, H. J., Garbi, N., Kastenmuller, W., Knolle, P. A., Kurts, C. 
and Engel, D. R., Crosstalk between sentinel and helper macrophages permits neutrophil 
migration into infected uroepithelium. Cell 2014. 156: 456-468. 
28 Carey, A. J., Sullivan, M. J., Duell, B. L., Crossman, D. K., Chattopadhyay, D., 
Brooks, A. J., Tan, C. K., Crowley, M., Sweet, M. J., Schembri, M. A. and Ulett, G. 
C., Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable 
Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection. J Infect Dis 
2016. 213: 659-668. 
29 Austyn, J. M. and Gordon, S., F4/80, a monoclonal antibody directed specifically against 
the mouse macrophage. Eur J Immunol 1981. 11: 805-815. 
30 Ingersoll, M. A., Kline, K. A., Nielsen, H. V. and Hultgren, S. J., G-CSF induction early 
in uropathogenic Escherichia coli infection of the urinary tract modulates host immunity. 
Cell Microbiol 2008. 10: 2568-2578. 
31 Lin, H. H., Faunce, D. E., Stacey, M., Terajewicz, A., Nakamura, T., Zhang-Hoover, 
J., Kerley, M., Mucenski, M. L., Gordon, S. and Stein-Streilein, J., The macrophage 
F4/80 receptor is required for the induction of antigen-specific efferent regulatory T cells 
in peripheral tolerance. J Exp Med 2005. 201: 1615-1625. 
32 Jonsson, F., Mancardi, D. A., Kita, Y., Karasuyama, H., Iannascoli, B., Van Rooijen, 
N., Shimizu, T., Daeron, M. and Bruhns, P., Mouse and human neutrophils induce 
anaphylaxis. J Clin Invest 2011. 121: 1484-1496. 
33 Perussia, B., Dayton, E. T., Lazarus, R., Fanning, V. and Trinchieri, G., Immune 
interferon induces the receptor for monomeric IgG1 on human monocytic and myeloid 
cells. J Exp Med 1983. 158: 1092-1113. 
145 
 
34 Repp, R., Valerius, T., Sendler, A., Gramatzki, M., Iro, H., Kalden, J. R. and Platzer, 
E., Neutrophils express the high affinity receptor for IgG (Fc gamma RI, CD64) after in 
vivo application of recombinant human granulocyte colony-stimulating factor. Blood 1991. 
78: 885-889. 
35 Wang, C., Mendonsa, G. R., Symington, J. W., Zhang, Q., Cadwell, K., Virgin, H. W. 
and Mysorekar, I. U., Atg16L1 deficiency confers protection from uropathogenic 
Escherichia coli infection in vivo. Proc Natl Acad Sci U S A 2012. 109: 11008-11013. 
36 Symington, J. W., Wang, C., Twentyman, J., Owusu-Boaitey, N., Schwendener, R., 
Nunez, G., Schilling, J. D. and Mysorekar, I. U., ATG16L1 deficiency in macrophages 
drives clearance of uropathogenic E. coli in an IL-1beta-dependent manner. Mucosal 
Immunol 2015. 
37 Murray, P. J. and Wynn, T. A., Protective and pathogenic functions of macrophage 
subsets. Nat Rev Immunol 2011. 11: 723-737. 
38 Cairo, G., Recalcati, S., Mantovani, A. and Locati, M., Iron trafficking and metabolism 
in macrophages: contribution to the polarized phenotype. Trends Immunol 2011. 32: 241-
247. 
39 Gordon, S. and Martinez, F. O., Alternative activation of macrophages: mechanism and 
functions. Immunity 2010. 32: 593-604. 
40 Biswas, S. K. and Mantovani, A., Macrophage plasticity and interaction with lymphocyte 
subsets: cancer as a paradigm. Nat Immunol 2010. 11: 889-896. 
41 Geissmann, F., Manz, M. G., Jung, S., Sieweke, M. H., Merad, M. and Ley, K., 
Development of monocytes, macrophages, and dendritic cells. Science 2010. 327: 656-661. 
42 Horvath, D. J., Jr., Li, B., Casper, T., Partida-Sanchez, S., Hunstad, D. A., Hultgren, 
S. J. and Justice, S. S., Morphological plasticity promotes resistance to phagocyte killing 
of uropathogenic Escherichia coli. Microbes Infect 2011. 13: 426-437. 
43 Jaakkola, I., Merinen, M., Jalkanen, S. and Hanninen, A., Ly6C induces clustering of 
LFA-1 (CD11a/CD18) and is involved in subtype-specific adhesion of CD8 T cells. J 
Immunol 2003. 170: 1283-1290. 
44 Erlebacher, A., Immunology of the maternal-fetal interface. Annu Rev Immunol 2013. 31: 
387-411. 
45 Duell, B. L., Carey, A. J., Tan, C. K., Cui, X., Webb, R. I., Totsika, M., Schembri, M. 
A., Derrington, P., Irving-Rodgers, H., Brooks, A. J., Cripps, A. W., Crowley, M. and 
Ulett, G. C., Innate transcriptional networks activated in bladder in response to 
uropathogenic Escherichia coli drive diverse biological pathways and rapid synthesis of 
IL-10 for defense against bacterial urinary tract infection. J Immunol 2012. 188: 781-792. 
146 
 
46 Bokil, N. J., Totsika, M., Carey, A. J., Stacey, K. J., Hancock, V., Saunders, B. M., 
Ravasi, T., Ulett, G. C., Schembri, M. A. and Sweet, M. J., Intramacrophage survival of 
uropathogenic Escherichia coli: differences between diverse clinical isolates and between 
mouse and human macrophages. Immunobiology 2011. 216: 1164-1171. 
47 Engel, D., Dobrindt, U., Tittel, A., Peters, P., Maurer, J., Gutgemann, I., Kaissling, 
B., Kuziel, W., Jung, S. and Kurts, C., Tumor necrosis factor alpha- and inducible nitric 
oxide synthase-producing dendritic cells are rapidly recruited to the bladder in urinary tract 
infection but are dispensable for bacterial clearance. Infect Immun 2006. 74: 6100-6107. 
48 Loughman, J. A. and Hunstad, D. A., Attenuation of human neutrophil migration and 
function by uropathogenic bacteria. Microbes Infect 2011. 13: 555-565. 
49 Hunstad, D. A., Justice, S. S., Hung, C. S., Lauer, S. R. and Hultgren, S. J., Suppression 
of bladder epithelial cytokine responses by uropathogenic Escherichia coli. Infect Immun 
2005. 73: 3999-4006. 
50 Williams, M. R., Azcutia, V., Newton, G., Alcaide, P. and Luscinskas, F. W., Emerging 
mechanisms of neutrophil recruitment across endothelium. Trends Immunol 2011. 32: 461-
469. 
51 Canton, J., Neculai, D. and Grinstein, S., Scavenger receptors in homeostasis and 
immunity. Nat Rev Immunol 2013. 13: 621-634. 
52 Xavier, M. N., Winter, M. G., Spees, A. M., den Hartigh, A. B., Nguyen, K., Roux, C. 
M., Silva, T. M., Atluri, V. L., Kerrinnes, T., Keestra, A. M., Monack, D. M., Luciw, 
P. A., Eigenheer, R. A., Baumler, A. J., Santos, R. L. and Tsolis, R. M., PPARgamma-
mediated increase in glucose availability sustains chronic Brucella abortus infection in 
alternatively activated macrophages. Cell Host Microbe 2013. 14: 159-170. 
53 Mantovani, A., Sica, A. and Locati, M., Macrophage polarization comes of age. Immunity 
2005. 23: 344-346. 
54 Nairz, M., Theurl, I., Ludwiczek, S., Theurl, M., Mair, S. M., Fritsche, G. and Weiss, 
G., The co-ordinated regulation of iron homeostasis in murine macrophages limits the 
availability of iron for intracellular Salmonella typhimurium. Cell Microbiol 2007. 9: 2126-
2140. 
55 Liu, C., Li, Y., Yu, J., Feng, L., Hou, S., Liu, Y., Guo, M., Xie, Y., Meng, J., Zhang, 
H., Xiao, B. and Ma, C., Targeting the shift from M1 to M2 macrophages in experimental 
autoimmune encephalomyelitis mice treated with fasudil. PLoS One 2013. 8: e54841. 
56 Schilling, J. D., Martin, S. M., Hung, C. S., Lorenz, R. G. and Hultgren, S. J., Toll-
like receptor 4 on stromal and hematopoietic cells mediates innate resistance to 
uropathogenic Escherichia coli. Proc Natl Acad Sci U S A 2003. 100: 4203-4208. 
147 
 
57 Bonilla, D. L., Bhattacharya, A., Sha, Y., Xu, Y., Xiang, Q., Kan, A., Jagannath, C., 
Komatsu, M. and Eissa, N. T., Autophagy regulates phagocytosis by modulating the 
expression of scavenger receptors. Immunity 2013. 39: 537-547. 
58 Rogers, N. J., Lees, M. J., Gabriel, L., Maniati, E., Rose, S. J., Potter, P. K. and 
Morley, B. J., A defect in Marco expression contributes to systemic lupus erythematosus 
development via failure to clear apoptotic cells. J Immunol 2009. 182: 1982-1990. 
59 Platt, N., da Silva, R. P. and Gordon, S., Class A scavenger receptors and the 
phagocytosis of apoptotic cells. Immunol Lett 1999. 65: 15-19. 
60 Gough, P. J. and Gordon, S., The role of scavenger receptors in the innate immune 
system. Microbes Infect 2000. 2: 305-311. 
61 Thorp, E., Subramanian, M. and Tabas, I., The role of macrophages and dendritic cells 
in the clearance of apoptotic cells in advanced atherosclerosis. Eur J Immunol 2011. 41: 
2515-2518. 
62 Dalmas, E., Clement, K. and Guerre-Millo, M., Defining macrophage phenotype and 
function in adipose tissue. Trends Immunol 2011. 32: 307-314. 
63 Zhao, A., Urban, J. F., Jr., Anthony, R. M., Sun, R., Stiltz, J., van Rooijen, N., Wynn, 
T. A., Gause, W. C. and Shea-Donohue, T., Th2 cytokine-induced alterations in intestinal 
smooth muscle function depend on alternatively activated macrophages. Gastroenterology 
2008. 135: 217-225 e211. 
64 Lee, S. J., Evers, S., Roeder, D., Parlow, A. F., Risteli, J., Risteli, L., Lee, Y. C., Feizi, 
T., Langen, H. and Nussenzweig, M. C., Mannose receptor-mediated regulation of serum 
glycoprotein homeostasis. Science 2002. 295: 1898-1901. 
65 Taylor, P. R., Gordon, S. and Martinez-Pomares, L., The mannose receptor: linking 
homeostasis and immunity through sugar recognition. Trends Immunol 2005. 26: 104-110. 
66 Martinez-Pomares, L., Wienke, D., Stillion, R., McKenzie, E. J., Arnold, J. N., Harris, 
J., McGreal, E., Sim, R. B., Isacke, C. M. and Gordon, S., Carbohydrate-independent 
recognition of collagens by the macrophage mannose receptor. Eur J Immunol 2006. 36: 
1074-1082. 
67 Madsen, D. H., Leonard, D., Masedunskas, A., Moyer, A., Jurgensen, H. J., Peters, D. 
E., Amornphimoltham, P., Selvaraj, A., Yamada, S. S., Brenner, D. A., Burgdorf, S., 
Engelholm, L. H., Behrendt, N., Holmbeck, K., Weigert, R. and Bugge, T. H., M2-like 
macrophages are responsible for collagen degradation through a mannose receptor-
mediated pathway. J Cell Biol 2013. 202: 951-966. 
68 Paveley, R. A., Aynsley, S. A., Turner, J. D., Bourke, C. D., Jenkins, S. J., Cook, P. 
C., Martinez-Pomares, L. and Mountford, A. P., The Mannose Receptor (CD206) is an 
important pattern recognition receptor (PRR) in the detection of the infective stage of the 
148 
 
helminth Schistosoma mansoni and modulates IFNgamma production. Int J Parasitol 
2011. 41: 1335-1345. 
69 Lee, S. J., Zheng, N. Y., Clavijo, M. and Nussenzweig, M. C., Normal host defense 
during systemic candidiasis in mannose receptor-deficient mice. Infect Immun 2003. 71: 
437-445. 
70 Swain, S. D., Lee, S. J., Nussenzweig, M. C. and Harmsen, A. G., Absence of the 
macrophage mannose receptor in mice does not increase susceptibility to Pneumocystis 
carinii infection in vivo. Infect Immun 2003. 71: 6213-6221. 
71 Zeyda, M., Farmer, D., Todoric, J., Aszmann, O., Speiser, M., Gyori, G., Zlabinger, 
G. J. and Stulnig, T. M., Human adipose tissue macrophages are of an anti-inflammatory 
phenotype but capable of excessive pro-inflammatory mediator production. Int J Obes 
(Lond) 2007. 31: 1420-1428. 
72 Wentworth, J. M., Naselli, G., Brown, W. A., Doyle, L., Phipson, B., Smyth, G. K., 
Wabitsch, M., O'Brien, P. E. and Harrison, L. C., Pro-inflammatory CD11c+CD206+ 
adipose tissue macrophages are associated with insulin resistance in human obesity. 
Diabetes 2010. 59: 1648-1656. 
73 Fuentes-Duculan, J., Suarez-Farinas, M., Zaba, L. C., Nograles, K. E., Pierson, K. C., 
Mitsui, H., Pensabene, C. A., Kzhyshkowska, J., Krueger, J. G. and Lowes, M. A., A 
subpopulation of CD163-positive macrophages is classically activated in psoriasis. J Invest 
Dermatol 2010. 130: 2412-2422. 
74 Fabriek, B. O., van Bruggen, R., Deng, D. M., Ligtenberg, A. J., Nazmi, K., 
Schornagel, K., Vloet, R. P., Dijkstra, C. D. and van den Berg, T. K., The macrophage 
scavenger receptor CD163 functions as an innate immune sensor for bacteria. Blood 2009. 
113: 887-892. 
75 Bauckman, K. A., Haller, E., Flores, I. and Nanjundan, M., Iron modulates cell survival 
in a Ras- and MAPK-dependent manner in ovarian cells. Cell Death Dis 2013. 4: e592. 
76 De Domenico, I., Ward, D. M. and Kaplan, J., Autophagy, ferritin and iron chelation. 
Autophagy 2010. 6: 157. 
77 Nairz, M., Schroll, A., Sonnweber, T. and Weiss, G., The struggle for iron - a metal at 
the host-pathogen interface. Cell Microbiol 2010. 12: 1691-1702. 
78 Garcia, E. C., Brumbaugh, A. R. and Mobley, H. L., Redundancy and specificity of 
Escherichia coli iron acquisition systems during urinary tract infection. Infect Immun 2011. 
79: 1225-1235. 
79 Cassat, J. E. and Skaar, E. P., Iron in infection and immunity. Cell Host Microbe 2013. 
13: 509-519. 
149 
 
80 Dixon, S. J. and Stockwell, B. R., The role of iron and reactive oxygen species in cell 
death. Nat Chem Biol 2014. 10: 9-17. 
81 Hentze, M. W., Muckenthaler, M. U. and Andrews, N. C., Balancing acts: molecular 
control of mammalian iron metabolism. Cell 2004. 117: 285-297. 
82 Anderson, C. P., Shen, M., Eisenstein, R. S. and Leibold, E. A., Mammalian iron 
metabolism and its control by iron regulatory proteins. Biochim Biophys Acta 2012. 1823: 
1468-1483. 
83 Muckenthaler, M. U., Galy, B. and Hentze, M. W., Systemic iron homeostasis and the 
iron-responsive element/iron-regulatory protein (IRE/IRP) regulatory network. Annu Rev 
Nutr 2008. 28: 197-213. 
84 Wang, J., Fillebeen, C., Chen, G., Biederbick, A., Lill, R. and Pantopoulos, K., Iron-
dependent degradation of apo-IRP1 by the ubiquitin-proteasome pathway. Mol Cell Biol 
2007. 27: 2423-2430. 
85 Uchiyama, A., Kim, J. S., Kon, K., Jaeschke, H., Ikejima, K., Watanabe, S. and 
Lemasters, J. J., Translocation of iron from lysosomes into mitochondria is a key event 
during oxidative stress-induced hepatocellular injury. Hepatology 2008. 48: 1644-1654. 
86 Sripetchwandee, J., Sanit, J., Chattipakorn, N. and Chattipakorn, S. C., Mitochondrial 
calcium uniporter blocker effectively prevents brain mitochondrial dysfunction caused by 
iron overload. Life Sci 2013. 92: 298-304. 
87 Ganz, T. and Nemeth, E., Hepcidin and iron homeostasis. Biochim Biophys Acta 2012. 
1823: 1434-1443. 
88 Defrere, S., Van Langendonckt, A., Vaesen, S., Jouret, M., Gonzalez Ramos, R., 
Gonzalez, D. and Donnez, J., Iron overload enhances epithelial cell proliferation in 
endometriotic lesions induced in a murine model. Hum Reprod 2006. 21: 2810-2816. 
89 Kurz, T., Eaton, J. W. and Brunk, U. T., The role of lysosomes in iron metabolism and 
recycling. Int J Biochem Cell Biol 2011. 43: 1686-1697. 
90 Qian, B. Z., Li, J., Zhang, H., Kitamura, T., Zhang, J., Campion, L. R., Kaiser, E. A., 
Snyder, L. A. and Pollard, J. W., CCL2 recruits inflammatory monocytes to facilitate 
breast-tumour metastasis. Nature 2011. 475: 222-225. 
91 Suriano, F., Santini, D., Perrone, G., Amato, M., Vincenzi, B., Tonini, G., Muda, A., 
Boggia, S., Buscarini, M. and Pantano, F., Tumor associated macrophages polarization 
dictates the efficacy of BCG instillation in non-muscle invasive urothelial bladder cancer. 
J Exp Clin Cancer Res 2013. 32: 87. 
92 Lima, L., Oliveira, D., Tavares, A., Amaro, T., Cruz, R., Oliveira, M. J., Ferreira, J. 
A. and Santos, L., The predominance of M2-polarized macrophages in the stroma of low-
150 
 
hypoxic bladder tumors is associated with BCG immunotherapy failure. Urol Oncol 2014. 
32: 449-457. 
93 Moura, D. F., de Mattos, K. A., Amadeu, T. P., Andrade, P. R., Sales, J. S., Schmitz, 
V., Nery, J. A., Pinheiro, R. O. and Sarno, E. N., CD163 favors Mycobacterium leprae 
survival and persistence by promoting anti-inflammatory pathways in lepromatous 
macrophages. Eur J Immunol 2012. 42: 2925-2936. 
94 Paradkar, P. N., De Domenico, I., Durchfort, N., Zohn, I., Kaplan, J. and Ward, D. 
M., Iron depletion limits intracellular bacterial growth in macrophages. Blood 2008. 112: 
866-874. 
95 Pan, X., Tamilselvam, B., Hansen, E. J. and Daefler, S., Modulation of iron homeostasis 
in macrophages by bacterial intracellular pathogens. BMC Microbiol 2010. 10: 64. 
96 Alford, C. E., King, T. E., Jr. and Campbell, P. A., Role of transferrin, transferrin 
receptors, and iron in macrophage listericidal activity. J Exp Med 1991. 174: 459-466. 
97 Olakanmi, O., Schlesinger, L. S., Ahmed, A. and Britigan, B. E., Intraphagosomal 
Mycobacterium tuberculosis acquires iron from both extracellular transferrin and 
intracellular iron pools. Impact of interferon-gamma and hemochromatosis. J Biol Chem 
2002. 277: 49727-49734. 
98 Dikshit, N., Bist, P., Fenlon, S. N., Pulloor, N. K., Chua, C. E., Scidmore, M. A., 
Carlyon, J. A., Tang, B. L., Chen, S. L. and Sukumaran, B., Intracellular Uropathogenic 
E. coli Exploits Host Rab35 for Iron Acquisition and Survival within Urinary Bladder 
Cells. PLoS Pathog 2015. 11: e1005083. 
99 Yep, A., McQuade, T., Kirchhoff, P., Larsen, M. and Mobley, H. L., Inhibitors of TonB 
function identified by a high-throughput screen for inhibitors of iron acquisition in 
uropathogenic Escherichia coli CFT073. MBio 2014. 5: e01089-01013. 
100 Gao, Q., Wang, X., Xu, H., Xu, Y., Ling, J., Zhang, D., Gao, S. and Liu, X., Roles of 
iron acquisition systems in virulence of extraintestinal pathogenic Escherichia coli: 
salmochelin and aerobactin contribute more to virulence than heme in a chicken infection 
model. BMC Microbiol 2012. 12: 143. 
101 Subashchandrabose, S. and Mobley, H. L., Back to the metal age: battle for metals at 
the host-pathogen interface during urinary tract infection. Metallomics 2015. 7: 935-942. 
102 Wiles, T. J., Kulesus, R. R. and Mulvey, M. A., Origins and virulence mechanisms of 
uropathogenic Escherichia coli. Exp Mol Pathol 2008. 85: 11-19. 
103 Reigstad, C. S., Hultgren, S. J. and Gordon, J. I., Functional genomic studies of 
uropathogenic Escherichia coli and host urothelial cells when intracellular bacterial 
communities are assembled. J Biol Chem 2007. 282: 21259-21267. 
151 
 
104 Ye, C. and Xu, J., Prevalence of iron transport gene on pathogenicity-associated island of 
uropathogenic Escherichia coli in E. coli O157:H7 containing Shiga toxin gene. J Clin 
Microbiol 2001. 39: 2300-2305. 
105 Yamamoto, S., Molecular epidemiology of uropathogenic Escherichia coli. J Infect 
Chemother 2007. 13: 68-73. 
106 Johnson, J. R. and Russo, T. A., Molecular epidemiology of extraintestinal pathogenic 
(uropathogenic) Escherichia coli. Int J Med Microbiol 2005. 295: 383-404. 
107 Rowe, M. C., Withers, H. L. and Swift, S., Uropathogenic Escherichia coli forms biofilm 
aggregates under iron restriction that disperse upon the supply of iron. FEMS Microbiol 
Lett 2010. 307: 102-109. 
108 Liuzzi, J. P., Aydemir, F., Nam, H., Knutson, M. D. and Cousins, R. J., Zip14 
(Slc39a14) mediates non-transferrin-bound iron uptake into cells. Proc Natl Acad Sci U S 
A 2006. 103: 13612-13617. 
109 Pinilla-Tenas, J. J., Sparkman, B. K., Shawki, A., Illing, A. C., Mitchell, C. J., Zhao, 
N., Liuzzi, J. P., Cousins, R. J., Knutson, M. D. and Mackenzie, B., Zip14 is a complex 
broad-scope metal-ion transporter whose functional properties support roles in the cellular 
uptake of zinc and nontransferrin-bound iron. Am J Physiol Cell Physiol 2011. 301: C862-
871. 
110 Kong, W. N., Zhao, S. E., Duan, X. L., Yang, Z., Qian, Z. M. and Chang, Y. Z., 
Decreased DMT1 and increased ferroportin 1 expression is the mechanisms of reduced iron 
retention in macrophages by erythropoietin in rats. J Cell Biochem 2008. 104: 629-641. 
111 Nairz, M., Haschka, D., Demetz, E. and Weiss, G., Iron at the interface of immunity and 
infection. Front Pharmacol 2014. 5: 152. 
112 Kong, W. N., Lei, Y. H. and Chang, Y. Z., The regulation of iron metabolism in the 
mononuclear phagocyte system. Expert Rev Hematol 2013. 6: 411-418. 
113 Soe-Lin, S., Apte, S. S., Mikhael, M. R., Kayembe, L. K., Nie, G. and Ponka, P., Both 
Nramp1 and DMT1 are necessary for efficient macrophage iron recycling. Exp Hematol 
2010. 38: 609-617. 
114 Canonne-Hergaux, F., Gruenheid, S., Govoni, G. and Gros, P., The Nramp1 protein 
and its role in resistance to infection and macrophage function. Proc Assoc Am Physicians 
1999. 111: 283-289. 
115 Zhang, G., Wu, H., Ross, C. R., Minton, J. E. and Blecha, F., Cloning of porcine 
NRAMP1 and its induction by lipopolysaccharide, tumor necrosis factor alpha, and 
interleukin-1beta: role of CD14 and mitogen-activated protein kinases. Infect Immun 2000. 
68: 1086-1093. 
152 
 
116 Barton, C. H., Biggs, T. E., Baker, S. T., Bowen, H. and Atkinson, P. G., Nramp1: a 
link between intracellular iron transport and innate resistance to intracellular pathogens. J 
Leukoc Biol 1999. 66: 757-762. 
117 Fritsche, G., Nairz, M., Libby, S. J., Fang, F. C. and Weiss, G., Slc11a1 (Nramp1) 
impairs growth of Salmonella enterica serovar typhimurium in macrophages via 
stimulation of lipocalin-2 expression. J Leukoc Biol 2012. 92: 353-359. 
118 Fritsche, G., Nairz, M., Theurl, I., Mair, S., Bellmann-Weiler, R., Barton, H. C. and 
Weiss, G., Modulation of macrophage iron transport by Nramp1 (Slc11a1). 
Immunobiology 2007. 212: 751-757. 
119 Nairz, M., Fritsche, G., Crouch, M. L., Barton, H. C., Fang, F. C. and Weiss, G., 
Slc11a1 limits intracellular growth of Salmonella enterica sv. Typhimurium by promoting 
macrophage immune effector functions and impairing bacterial iron acquisition. Cell 
Microbiol 2009. 11: 1365-1381. 
120 Ong, S. T., Ho, J. Z., Ho, B. and Ding, J. L., Iron-withholding strategy in innate 
immunity. Immunobiology 2006. 211: 295-314. 
121 Bellmann-Weiler, R., Schroll, A., Engl, S., Nairz, M., Talasz, H., Seifert, M. and 
Weiss, G., Neutrophil gelatinase-associated lipocalin and interleukin-10 regulate 
intramacrophage Chlamydia pneumoniae replication by modulating intracellular iron 
homeostasis. Immunobiology 2013. 218: 969-978. 
122 Theurl, I., Theurl, M., Seifert, M., Mair, S., Nairz, M., Rumpold, H., Zoller, H., 
Bellmann-Weiler, R., Niederegger, H., Talasz, H. and Weiss, G., Autocrine formation 
of hepcidin induces iron retention in human monocytes. Blood 2008. 111: 2392-2399. 
123 Appelberg, R., Macrophage nutriprive antimicrobial mechanisms. J Leukoc Biol 2006. 79: 
1117-1128. 
124 Nairz, M., Schroll, A., Haschka, D., Dichtl, S., Sonnweber, T., Theurl, I., Theurl, M., 
Lindner, E., Demetz, E., Asshoff, M., Bellmann-Weiler, R., Muller, R., Gerner, R. R., 
Moschen, A. R., Baumgartner, N., Moser, P. L., Talasz, H., Tilg, H., Fang, F. C. and 
Weiss, G., Lipocalin-2 ensures host defense against Salmonella Typhimurium by 
controlling macrophage iron homeostasis and immune response. Eur J Immunol 2015. 
125 Kim, D. K., Jeong, J. H., Lee, J. M., Kim, K. S., Park, S. H., Kim, Y. D., Koh, M., 
Shin, M., Jung, Y. S., Kim, H. S., Lee, T. H., Oh, B. C., Kim, J. I., Park, H. T., Jeong, 
W. I., Lee, C. H., Park, S. B., Min, J. J., Jung, S. I., Choi, S. Y., Choy, H. E. and Choi, 
H. S., Inverse agonist of estrogen-related receptor gamma controls Salmonella 
typhimurium infection by modulating host iron homeostasis. Nat Med 2014. 20: 419-424. 
126 Devireddy, L. R., Gazin, C., Zhu, X. and Green, M. R., A cell-surface receptor for 
lipocalin 24p3 selectively mediates apoptosis and iron uptake. Cell 2005. 123: 1293-1305. 
153 
 
127 Hvidberg, V., Jacobsen, C., Strong, R. K., Cowland, J. B., Moestrup, S. K. and 
Borregaard, N., The endocytic receptor megalin binds the iron transporting neutrophil-
gelatinase-associated lipocalin with high affinity and mediates its cellular uptake. FEBS 
Lett 2005. 579: 773-777. 
128 Yang, J., Goetz, D., Li, J. Y., Wang, W., Mori, K., Setlik, D., Du, T., Erdjument-
Bromage, H., Tempst, P., Strong, R. and Barasch, J., An iron delivery pathway 
mediated by a lipocalin. Mol Cell 2002. 10: 1045-1056. 
129 Flo, T. H., Smith, K. D., Sato, S., Rodriguez, D. J., Holmes, M. A., Strong, R. K., Akira, 
S. and Aderem, A., Lipocalin 2 mediates an innate immune response to bacterial infection 
by sequestrating iron. Nature 2004. 432: 917-921. 
130 Gammella, E., Buratti, P., Cairo, G. and Recalcati, S., Macrophages: central regulators 
of iron balance. Metallomics 2014. 6: 1336-1345. 
131 Sunil, V. R., Patel, K. J., Nilsen-Hamilton, M., Heck, D. E., Laskin, J. D. and Laskin, 
D. L., Acute endotoxemia is associated with upregulation of lipocalin 24p3/Lcn2 in lung 
and liver. Exp Mol Pathol 2007. 83: 177-187. 
132 Holmes, M. A., Paulsene, W., Jide, X., Ratledge, C. and Strong, R. K., Siderocalin (Lcn 
2) also binds carboxymycobactins, potentially defending against mycobacterial infections 
through iron sequestration. Structure 2005. 13: 29-41. 
133 Warszawska, J. M., Gawish, R., Sharif, O., Sigel, S., Doninger, B., Lakovits, K., 
Mesteri, I., Nairz, M., Boon, L., Spiel, A., Fuhrmann, V., Strobl, B., Muller, M., 
Schenk, P., Weiss, G. and Knapp, S., Lipocalin 2 deactivates macrophages and worsens 
pneumococcal pneumonia outcomes. J Clin Invest 2013. 123: 3363-3372. 
134 Bachman, M. A., Miller, V. L. and Weiser, J. N., Mucosal lipocalin 2 has pro-
inflammatory and iron-sequestering effects in response to bacterial enterobactin. PLoS 
Pathog 2009. 5: e1000622. 
135 Pawluczyk, I. Z., Furness, P. N. and Harris, K. P., Macrophage-induced rat mesangial 
cell expression of the 24p3-like protein alpha-2-microglobulin-related protein. Biochim 
Biophys Acta 2003. 1645: 218-227. 
136 Meheus, L. A., Fransen, L. M., Raymackers, J. G., Blockx, H. A., Van Beeumen, J. J., 
Van Bun, S. M. and Van de Voorde, A., Identification by microsequencing of 
lipopolysaccharide-induced proteins secreted by mouse macrophages. J Immunol 1993. 
151: 1535-1547. 
137 Goetz, D. H., Holmes, M. A., Borregaard, N., Bluhm, M. E., Raymond, K. N. and 
Strong, R. K., The neutrophil lipocalin NGAL is a bacteriostatic agent that interferes with 
siderophore-mediated iron acquisition. Mol Cell 2002. 10: 1033-1043. 
154 
 
138 Johnson, E. E., Srikanth, C. V., Sandgren, A., Harrington, L., Trebicka, E., Wang, 
L., Borregaard, N., Murray, M. and Cherayil, B. J., Siderocalin inhibits the intracellular 
replication of Mycobacterium tuberculosis in macrophages. FEMS Immunol Med 
Microbiol 2010. 58: 138-145. 
139 Berger, T., Togawa, A., Duncan, G. S., Elia, A. J., You-Ten, A., Wakeham, A., Fong, 
H. E., Cheung, C. C. and Mak, T. W., Lipocalin 2-deficient mice exhibit increased 
sensitivity to Escherichia coli infection but not to ischemia-reperfusion injury. Proc Natl 
Acad Sci U S A 2006. 103: 1834-1839. 
140 Steigedal, M., Marstad, A., Haug, M., Damas, J. K., Strong, R. K., Roberts, P. L., 
Himpsl, S. D., Stapleton, A., Hooton, T. M., Mobley, H. L., Hawn, T. R. and Flo, T. 
H., Lipocalin 2 imparts selective pressure on bacterial growth in the bladder and is elevated 
in women with urinary tract infection. J Immunol 2014. 193: 6081-6089. 
141 Paragas, N., Kulkarni, R., Werth, M., Schmidt-Ott, K. M., Forster, C., Deng, R., 
Zhang, Q., Singer, E., Klose, A. D., Shen, T. H., Francis, K. P., Ray, S., Vijayakumar, 
S., Seward, S., Bovino, M. E., Xu, K., Takabe, Y., Amaral, F. E., Mohan, S., Wax, R., 
Corbin, K., Sanna-Cherchi, S., Mori, K., Johnson, L., Nickolas, T., D'Agati, V., Lin, 
C. S., Qiu, A., Al-Awqati, Q., Ratner, A. J. and Barasch, J., alpha-Intercalated cells 
defend the urinary system from bacterial infection. J Clin Invest 2014. 124: 2963-2976. 
142 Shields-Cutler, R. R., Crowley, J. R., Hung, C. S., Stapleton, A. E., Aldrich, C. C., 
Marschall, J. and Henderson, J. P., Human Urinary Composition Controls Antibacterial 
Activity of Siderocalin. J Biol Chem 2015. 290: 15949-15960. 
143 Cheng, L., Xing, H., Mao, X., Li, L., Li, X. and Li, Q., Lipocalin-2 promotes m1 
macrophages polarization in a mouse cardiac ischaemia-reperfusion injury model. Scand J 
Immunol 2015. 81: 31-38. 
144 Zhang, J., Wu, Y., Zhang, Y., Leroith, D., Bernlohr, D. A. and Chen, X., The role of 
lipocalin 2 in the regulation of inflammation in adipocytes and macrophages. Mol 
Endocrinol 2008. 22: 1416-1426. 
145 Guo, H., Jin, D. and Chen, X., Lipocalin 2 is a regulator of macrophage polarization and 
NF-kappaB/STAT3 pathway activation. Mol Endocrinol 2014. 28: 1616-1628. 
146 Choi, S. Y. and Chang, I. H., Molecular Defense Mechanisms during Urinary Tract 
Infection. Urogenital Tract Infection 2015. 10: 57-66. 
147 Henderson, J. P., Crowley, J. R., Pinkner, J. S., Walker, J. N., Tsukayama, P., Stamm, 
W. E., Hooton, T. M. and Hultgren, S. J., Quantitative metabolomics reveals an 
epigenetic blueprint for iron acquisition in uropathogenic Escherichia coli. PLoS Pathog 
2009. 5: e1000305. 
155 
 
148 Vigil, P. D., Stapleton, A. E., Johnson, J. R., Hooton, T. M., Hodges, A. P., He, Y. and 
Mobley, H. L., Presence of putative repeat-in-toxin gene tosA in Escherichia coli predicts 
successful colonization of the urinary tract. MBio 2011. 2: e00066-00011. 
149 Bauckman, K. A. and Mysorekar, I. U., Iron-mediated autophagy drives Uropathogenic 
Escherichia coli persistence in bladder epithelial cells. Autophagy In press. 
150 Lee, P., Peng, H., Gelbart, T., Wang, L. and Beutler, E., Regulation of hepcidin 
transcription by interleukin-1 and interleukin-6. Proc Natl Acad Sci U S A 2005. 102: 1906-
1910. 
151 Wrighting, D. M. and Andrews, N. C., Interleukin-6 induces hepcidin expression through 
STAT3. Blood 2006. 108: 3204-3209. 
152 Pietrangelo, A., Dierssen, U., Valli, L., Garuti, C., Rump, A., Corradini, E., Ernst, M., 
Klein, C. and Trautwein, C., STAT3 is required for IL-6-gp130-dependent activation of 
hepcidin in vivo. Gastroenterology 2007. 132: 294-300. 
153 Verga Falzacappa, M. V., Vujic Spasic, M., Kessler, R., Stolte, J., Hentze, M. W. and 
Muckenthaler, M. U., STAT3 mediates hepatic hepcidin expression and its inflammatory 
stimulation. Blood 2007. 109: 353-358. 
154 Nemeth, E., Rivera, S., Gabayan, V., Keller, C., Taudorf, S., Pedersen, B. K. and 
Ganz, T., IL-6 mediates hypoferremia of inflammation by inducing the synthesis of the 
iron regulatory hormone hepcidin. J Clin Invest 2004. 113: 1271-1276. 
155 Armitage, A. E., Eddowes, L. A., Gileadi, U., Cole, S., Spottiswoode, N., Selvakumar, 
T. A., Ho, L. P., Townsend, A. R. and Drakesmith, H., Hepcidin regulation by innate 
immune and infectious stimuli. Blood 2011. 118: 4129-4139. 
156 Sayadi, A., Nguyen, A. T., Bard, F. A. and Bard-Chapeau, E. A., Zip14 expression 
induced by lipopolysaccharides in macrophages attenuates inflammatory response. 
Inflamm Res 2013. 62: 133-143. 
157 Song, J., Duncan, M. J., Li, G., Chan, C., Grady, R., Stapleton, A. and Abraham, S. 
N., A novel TLR4-mediated signaling pathway leading to IL-6 responses in human bladder 
epithelial cells. PLoS Pathog 2007. 3: e60. 
158 Schilling, J. D., Mulvey, M. A., Vincent, C. D., Lorenz, R. G. and Hultgren, S. J., 
Bacterial invasion augments epithelial cytokine responses to Escherichia coli through a 
lipopolysaccharide-dependent mechanism. J Immunol 2001. 166: 1148-1155. 
159 Mysorekar, I. U., Mulvey, M. A., Hultgren, S. J. and Gordon, J. I., Molecular 
regulation of urothelial renewal and host defenses during infection with uropathogenic 
Escherichia coli. J Biol Chem 2002. 277: 7412-7419. 
156 
 
160 Nguyen, N. B., Callaghan, K. D., Ghio, A. J., Haile, D. J. and Yang, F., Hepcidin 
expression and iron transport in alveolar macrophages. Am J Physiol Lung Cell Mol Physiol 
2006. 291: L417-425. 
161 Bhushan, S., Hossain, H., Lu, Y., Geisler, A., Tchatalbachev, S., Mikulski, Z., Schuler, 
G., Klug, J., Pilatz, A., Wagenlehner, F., Chakraborty, T. and Meinhardt, A., 
Uropathogenic E. coli induce different immune response in testicular and peritoneal 
macrophages: implications for testicular immune privilege. PLoS One 2011. 6: e28452. 
162 Bhushan, S., Tchatalbachev, S., Klug, J., Fijak, M., Pineau, C., Chakraborty, T. and 
Meinhardt, A., Uropathogenic Escherichia coli block MyD88-dependent and activate 
MyD88-independent signaling pathways in rat testicular cells. J Immunol 2008. 180: 5537-
5547. 
163 Vazquez, D. E., Nino, D. F., De Maio, A. and Cauvi, D. M., Sustained expression of 
lipocalin-2 during polymicrobial sepsis. Innate Immun 2015. 21: 477-489. 
164 Wang, L., Johnson, E. E., Shi, H. N., Walker, W. A., Wessling-Resnick, M. and 
Cherayil, B. J., Attenuated inflammatory responses in hemochromatosis reveal a role for 
iron in the regulation of macrophage cytokine translation. J Immunol 2008. 181: 2723-
2731. 
165 Weiss, G., Fuchs, D., Hausen, A., Reibnegger, G., Werner, E. R., Werner-Felmayer, 
G. and Wachter, H., Iron modulates interferon-gamma effects in the human 
myelomonocytic cell line THP-1. Exp Hematol 1992. 20: 605-610. 
166 Oexle, H., Kaser, A., Most, J., Bellmann-Weiler, R., Werner, E. R., Werner-Felmayer, 
G. and Weiss, G., Pathways for the regulation of interferon-gamma-inducible genes by 
iron in human monocytic cells. J Leukoc Biol 2003. 74: 287-294. 
167 Virgin, H. W. and Levine, B., Autophagy genes in immunity. Nat Immunol 2009. 10: 461-
470. 
168 Bauckman, K. A., Owusu-Boaitey, N. and Mysorekar, I. U., Selective autophagy: 
xenophagy. Methods 2015. 75: 120-127. 
169 Cadwell, K., Liu, J. Y., Brown, S. L., Miyoshi, H., Loh, J., Lennerz, J. K., Kishi, C., 
Kc, W., Carrero, J. A., Hunt, S., Stone, C. D., Brunt, E. M., Xavier, R. J., Sleckman, 
B. P., Li, E., Mizushima, N., Stappenbeck, T. S. and Virgin, H. W. t., A key role for 
autophagy and the autophagy gene Atg16l1 in mouse and human intestinal Paneth cells. 
Nature 2008. 456: 259-263. 
170 Mancias, J. D., Wang, X., Gygi, S. P., Harper, J. W. and Kimmelman, A. C., 
Quantitative proteomics identifies NCOA4 as the cargo receptor mediating ferritinophagy. 
Nature 2014. 509: 105-109. 
157 
 
171 Rogov, V., Dotsch, V., Johansen, T. and Kirkin, V., Interactions between autophagy 
receptors and ubiquitin-like proteins form the molecular basis for selective autophagy. Mol 
Cell 2014. 53: 167-178. 
172 Kurz, T., Terman, A. and Brunk, U. T., Autophagy, ageing and apoptosis: the role of 
oxidative stress and lysosomal iron. Arch Biochem Biophys 2007. 462: 220-230. 
173 Klionsky, D. J., Abdalla, F. C., Abeliovich, H., Abraham, R. T., Acevedo-Arozena, A., 
Adeli, K., Agholme, L., Agnello, M., Agostinis, P., Aguirre-Ghiso, J. A., Ahn, H. J., 
Ait-Mohamed, O., Ait-Si-Ali, S., Akematsu, T., Akira, S., Al-Younes, H. M., Al-Zeer, 
M. A., Albert, M. L., Albin, R. L., Alegre-Abarrategui, J., Aleo, M. F., Alirezaei, M., 
Almasan, A., Almonte-Becerril, M., Amano, A., Amaravadi, R., Amarnath, S., Amer, 
A. O., Andrieu-Abadie, N., Anantharam, V., Ann, D. K., Anoopkumar-Dukie, S., 
Aoki, H., Apostolova, N., Arancia, G., Aris, J. P., Asanuma, K., Asare, N. Y., Ashida, 
H., Askanas, V., Askew, D. S., Auberger, P., Baba, M., Backues, S. K., Baehrecke, E. 
H., Bahr, B. A., Bai, X. Y., Bailly, Y., Baiocchi, R., Baldini, G., Balduini, W., Ballabio, 
A., Bamber, B. A., Bampton, E. T., Banhegyi, G., Bartholomew, C. R., Bassham, D. 
C., Bast, R. C., Jr., Batoko, H., Bay, B. H., Beau, I., Bechet, D. M., Begley, T. J., Behl, 
C., Behrends, C., Bekri, S., Bellaire, B., Bendall, L. J., Benetti, L., Berliocchi, L., 
Bernardi, H., Bernassola, F., Besteiro, S., Bhatia-Kissova, I., Bi, X., Biard-Piechaczyk, 
M., Blum, J. S., Boise, L. H., Bonaldo, P., Boone, D. L., Bornhauser, B. C., Bortoluci, 
K. R., Bossis, I., Bost, F., Bourquin, J. P., Boya, P., Boyer-Guittaut, M., Bozhkov, P. 
V., Brady, N. R., Brancolini, C., Brech, A., Brenman, J. E., Brennand, A., Bresnick, 
E. H., Brest, P., Bridges, D., Bristol, M. L., Brookes, P. S., Brown, E. J., Brumell, J. 
H., Guidelines for the use and interpretation of assays for monitoring autophagy. 
Autophagy 2012. 8: 445-544. 
174 Moscat, J. and Diaz-Meco, M. T., p62: a versatile multitasker takes on cancer. Trends 
Biochem Sci 2012. 37: 230-236. 
175 Yuk, J. M., Yoshimori, T. and Jo, E. K., Autophagy and bacterial infectious diseases. 
Exp Mol Med 2012. 44: 99-108. 
176 Knodler, L. A. and Celli, J., Eating the strangers within: host control of intracellular 
bacteria via xenophagy. Cell Microbiol 2011. 13: 1319-1327. 
177 Gomes, L. C. and Dikic, I., Autophagy in antimicrobial immunity. Mol Cell 2014. 54: 
224-233. 
178 Samson, E., Xenophagy. Br Dent J 1981. 150: 136. 
179 Levine, B., Eating oneself and uninvited guests: autophagy-related pathways in cellular 
defense. Cell 2005. 120: 159-162. 
180 Watson, R. O., Manzanillo, P. S. and Cox, J. S., Extracellular M. tuberculosis DNA 
targets bacteria for autophagy by activating the host DNA-sensing pathway. Cell 2012. 
150: 803-815. 
158 
 
181 Castillo, E. F., Dekonenko, A., Arko-Mensah, J., Mandell, M. A., Dupont, N., Jiang, 
S., Delgado-Vargas, M., Timmins, G. S., Bhattacharya, D., Yang, H., Hutt, J., Lyons, 
C. R., Dobos, K. M. and Deretic, V., Autophagy protects against active tuberculosis by 
suppressing bacterial burden and inflammation. Proc Natl Acad Sci U S A 2012. 109: 
E3168-3176. 
182 Gutierrez, M. G., Master, S. S., Singh, S. B., Taylor, G. A., Colombo, M. I. and 
Deretic, V., Autophagy is a defense mechanism inhibiting BCG and Mycobacterium 
tuberculosis survival in infected macrophages. Cell 2004. 119: 753-766. 
183 Xu, Y., Jagannath, C., Liu, X. D., Sharafkhaneh, A., Kolodziejska, K. E. and Eissa, 
N. T., Toll-like receptor 4 is a sensor for autophagy associated with innate immunity. 
Immunity 2007. 27: 135-144. 
184 Harris, J., Hartman, M., Roche, C., Zeng, S. G., O'Shea, A., Sharp, F. A., Lambe, E. 
M., Creagh, E. M., Golenbock, D. T., Tschopp, J., Kornfeld, H., Fitzgerald, K. A. and 
Lavelle, E. C., Autophagy controls IL-1beta secretion by targeting pro-IL-1beta for 
degradation. J Biol Chem 2011. 286: 9587-9597. 
185 Deuretzbacher, A., Czymmeck, N., Reimer, R., Trulzsch, K., Gaus, K., Hohenberg, 
H., Heesemann, J., Aepfelbacher, M. and Ruckdeschel, K., Beta1 integrin-dependent 
engulfment of Yersinia enterocolitica by macrophages is coupled to the activation of 
autophagy and suppressed by type III protein secretion. J Immunol 2009. 183: 5847-5860. 
186 Van Grol, J., Muniz-Feliciano, L., Portillo, J. A., Bonilha, V. L. and Subauste, C. S., 
CD40 induces anti-Toxoplasma gondii activity in nonhematopoietic cells dependent on 
autophagy proteins. Infect Immun 2013. 81: 2002-2011. 
187 Hirano, S. and Kanno, S., Macrophage Receptor with Collagenous Structure (MARCO) 
Is Processed by either Macropinocytosis or Endocytosis-Autophagy Pathway. PLoS One 
2015. 10: e0142062. 
188 Radtke, A. L. and O'Riordan, M. X., Intracellular innate resistance to bacterial 
pathogens. Cell Microbiol 2006. 8: 1720-1729. 
189 Alexander, D. E. and Leib, D. A., Xenophagy in herpes simplex virus replication and 
pathogenesis. Autophagy 2008. 4: 101-103. 
190 Tattoli, I., Sorbara, M. T., Philpott, D. J. and Girardin, S. E., Bacterial autophagy: the 
trigger, the target and the timing. Autophagy 2012. 8: 1848-1850. 
191 Zhang, L., Sung, J. J., Yu, J., Ng, S. C., Wong, S. H., Cho, C. H., Ng, S. S., Chan, F. 
K. and Wu, W. K., Xenophagy in Helicobacter pylori- and Epstein-Barr virus-induced 
gastric cancer. J Pathol 2014. 233: 103-112. 
159 
 
192 Wang, C., Yuan, X., Ma, E., Mendonsa, G. R., Plantinga, T. S., Kiemeney, L. A., 
Vermeulen, S. H. and Mysorekar, I. U., NOD2 is dispensable for ATG16L1 deficiency-
mediated resistance to urinary tract infection. Autophagy 2014. 10: 331-338. 
193 Mostowy, S., Autophagy and bacterial clearance: a not so clear picture. Cell Microbiol 
2013. 15: 395-402. 
194 Starr, T., Child, R., Wehrly, T. D., Hansen, B., Hwang, S., Lopez-Otin, C., Virgin, H. 
W. and Celli, J., Selective subversion of autophagy complexes facilitates completion of 
the Brucella intracellular cycle. Cell Host Microbe 2012. 11: 33-45. 
195 Mostowy, S. and Cossart, P., Bacterial autophagy: restriction or promotion of bacterial 
replication? Trends Cell Biol 2012. 22: 283-291. 
196 Shahnazari, S., Namolovan, A., Mogridge, J., Kim, P. K. and Brumell, J. H., Bacterial 
toxins can inhibit host cell autophagy through cAMP generation. Autophagy 2011. 7: 957-
965. 
197 Pareja, M. E. and Colombo, M. I., Autophagic clearance of bacterial pathogens: 
molecular recognition of intracellular microorganisms. Front Cell Infect Microbiol 2013. 
3: 54. 
198 Wang, C., Symington, J. W. and Mysorekar, I. U., ATG16L1 and pathogenesis of 
urinary tract infections. Autophagy 2012. 8: 1693-1694. 
199 Cooney, R., Baker, J., Brain, O., Danis, B., Pichulik, T., Allan, P., Ferguson, D. J., 
Campbell, B. J., Jewell, D. and Simmons, A., NOD2 stimulation induces autophagy in 
dendritic cells influencing bacterial handling and antigen presentation. Nat Med 2010. 16: 
90-97. 
200 Abdulrahman, B. A., Khweek, A. A., Akhter, A., Caution, K., Kotrange, S., Abdelaziz, 
D. H., Newland, C., Rosales-Reyes, R., Kopp, B., McCoy, K., Montione, R., 
Schlesinger, L. S., Gavrilin, M. A., Wewers, M. D., Valvano, M. A. and Amer, A. O., 
Autophagy stimulation by rapamycin suppresses lung inflammation and infection by 
Burkholderia cenocepacia in a model of cystic fibrosis. Autophagy 2011. 7: 1359-1370. 
201 Saitoh, T., Fujita, N., Jang, M. H., Uematsu, S., Yang, B. G., Satoh, T., Omori, H., 
Noda, T., Yamamoto, N., Komatsu, M., Tanaka, K., Kawai, T., Tsujimura, T., 
Takeuchi, O., Yoshimori, T. and Akira, S., Loss of the autophagy protein Atg16L1 
enhances endotoxin-induced IL-1beta production. Nature 2008. 456: 264-268. 
202 Murthy, A., Li, Y., Peng, I., Reichelt, M., Katakam, A. K., Noubade, R., Roose-Girma, 
M., DeVoss, J., Diehl, L., Graham, R. R. and van Lookeren Campagne, M., A Crohn's 
disease variant in Atg16l1 enhances its degradation by caspase 3. Nature 2014. 506: 456-
462. 
160 
 
203 Lassen, K. G., Kuballa, P., Conway, K. L., Patel, K. K., Becker, C. E., Peloquin, J. M., 
Villablanca, E. J., Norman, J. M., Liu, T. C., Heath, R. J., Becker, M. L., Fagbami, 
L., Horn, H., Mercer, J., Yilmaz, O. H., Jaffe, J. D., Shamji, A. F., Bhan, A. K., Carr, 
S. A., Daly, M. J., Virgin, H. W., Schreiber, S. L., Stappenbeck, T. S. and Xavier, R. 
J., Atg16L1 T300A variant decreases selective autophagy resulting in altered cytokine 
signaling and decreased antibacterial defense. Proc Natl Acad Sci U S A 2014. 111: 7741-
7746. 
204 Rioux, J. D., Xavier, R. J., Taylor, K. D., Silverberg, M. S., Goyette, P., Huett, A., 
Green, T., Kuballa, P., Barmada, M. M., Datta, L. W., Shugart, Y. Y., Griffiths, A. 
M., Targan, S. R., Ippoliti, A. F., Bernard, E. J., Mei, L., Nicolae, D. L., Regueiro, M., 
Schumm, L. P., Steinhart, A. H., Rotter, J. I., Duerr, R. H., Cho, J. H., Daly, M. J. 
and Brant, S. R., Genome-wide association study identifies new susceptibility loci for 
Crohn disease and implicates autophagy in disease pathogenesis. Nat Genet 2007. 39: 596-
604. 
205 Hampe, J., Franke, A., Rosenstiel, P., Till, A., Teuber, M., Huse, K., Albrecht, M., 
Mayr, G., De La Vega, F. M., Briggs, J., Gunther, S., Prescott, N. J., Onnie, C. M., 
Hasler, R., Sipos, B., Folsch, U. R., Lengauer, T., Platzer, M., Mathew, C. G., 
Krawczak, M. and Schreiber, S., A genome-wide association scan of nonsynonymous 
SNPs identifies a susceptibility variant for Crohn disease in ATG16L1. Nat Genet 2007. 
39: 207-211. 
206 Prescott, N. J., Fisher, S. A., Franke, A., Hampe, J., Onnie, C. M., Soars, D., Bagnall, 
R., Mirza, M. M., Sanderson, J., Forbes, A., Mansfield, J. C., Lewis, C. M., Schreiber, 
S. and Mathew, C. G., A nonsynonymous SNP in ATG16L1 predisposes to ileal Crohn's 
disease and is independent of CARD15 and IBD5. Gastroenterology 2007. 132: 1665-
1671. 
207 Franke, A., McGovern, D. P., Barrett, J. C., Wang, K., Radford-Smith, G. L., Ahmad, 
T., Lees, C. W., Balschun, T., Lee, J., Roberts, R., Anderson, C. A., Bis, J. C., 
Bumpstead, S., Ellinghaus, D., Festen, E. M., Georges, M., Green, T., Haritunians, T., 
Jostins, L., Latiano, A., Mathew, C. G., Montgomery, G. W., Prescott, N. J., 
Raychaudhuri, S., Rotter, J. I., Schumm, P., Sharma, Y., Simms, L. A., Taylor, K. D., 
Whiteman, D., Wijmenga, C., Baldassano, R. N., Barclay, M., Bayless, T. M., Brand, 
S., Buning, C., Cohen, A., Colombel, J. F., Cottone, M., Stronati, L., Denson, T., De 
Vos, M., D'Inca, R., Dubinsky, M., Edwards, C., Florin, T., Franchimont, D., Gearry, 
R., Glas, J., Van Gossum, A., Guthery, S. L., Halfvarson, J., Verspaget, H. W., Hugot, 
J. P., Karban, A., Laukens, D., Lawrance, I., Lemann, M., Levine, A., Libioulle, C., 
Louis, E., Mowat, C., Newman, W., Panes, J., Phillips, A., Proctor, D. D., Regueiro, 
M., Russell, R., Rutgeerts, P., Sanderson, J., Sans, M., Seibold, F., Steinhart, A. H., 
Stokkers, P. C., Torkvist, L., Kullak-Ublick, G., Wilson, D., Walters, T., Targan, S. 
R., Brant, S. R., Rioux, J. D., D'Amato, M., Weersma, R. K., Kugathasan, S., Griffiths, 
A. M., Mansfield, J. C., Vermeire, S., Duerr, R. H., Silverberg, M. S., Satsangi, J., 
Schreiber, S., Cho, J. H., Annese, V., Hakonarson, H., Daly, M. J. and Parkes, M., 
Genome-wide meta-analysis increases to 71 the number of confirmed Crohn's disease 
susceptibility loci. Nat Genet 2010. 42: 1118-1125. 
161 
 
208 Liu, K., Zhao, E., Ilyas, G., Lalazar, G., Lin, Y., Haseeb, M., Tanaka, K. E. and Czaja, 
M. J., Impaired macrophage autophagy increases the immune response in obese mice by 
promoting proinflammatory macrophage polarization. Autophagy 2015. 11: 271-284. 
209 Pujol, C., Klein, K. A., Romanov, G. A., Palmer, L. E., Cirota, C., Zhao, Z. and Bliska, 
J. B., Yersinia pestis can reside in autophagosomes and avoid xenophagy in murine 
macrophages by preventing vacuole acidification. Infect Immun 2009. 77: 2251-2261. 
210 Checroun, C., Wehrly, T. D., Fischer, E. R., Hayes, S. F. and Celli, J., Autophagy-
mediated reentry of Francisella tularensis into the endocytic compartment after 
cytoplasmic replication. Proc Natl Acad Sci U S A 2006. 103: 14578-14583. 
211 Svenning, S. and Johansen, T., Selective autophagy. Essays Biochem 2013. 55: 79-92. 
212 Goodall, M. and Thorburn, A., Identifying specific receptors for cargo-mediated 
autophagy. Cell Res 2014. 24: 783-784. 
213 Jo, E. K., Yuk, J. M., Shin, D. M. and Sasakawa, C., Roles of autophagy in elimination 
of intracellular bacterial pathogens. Front Immunol 2013. 4: 97. 
214 Oku, M. and Sakai, Y., Peroxisomes as dynamic organelles: autophagic degradation. 
FEBS J 2010. 277: 3289-3294. 
215 Lamb, C. A., Yoshimori, T. and Tooze, S. A., The autophagosome: origins unknown, 
biogenesis complex. Nat Rev Mol Cell Biol 2013. 14: 759-774. 
216 Lu, H., Li, G., Liu, L., Feng, L., Wang, X. and Jin, H., Regulation and function of 
mitophagy in development and cancer. Autophagy 2013. 9: 1720-1736. 
217 Choi, A. M., Ryter, S. W. and Levine, B., Autophagy in human health and disease. N 
Engl J Med 2013. 368: 651-662. 
218 Dong, X. and Levine, B., Autophagy and viruses: adversaries or allies? J Innate Immun 
2013. 5: 480-493. 
219 Levine, B., Mizushima, N. and Virgin, H. W., Autophagy in immunity and inflammation. 
Nature 2011. 469: 323-335. 
220 Lassen, K. G. and Xavier, R. J., An alteration in ATG16L1 stability in Crohn disease. 
Autophagy 2014. 10: 1858-1860. 
221 Murrow, L. and Debnath, J., Autophagy as a stress-response and quality-control 
mechanism: implications for cell injury and human disease. Annu Rev Pathol 2013. 8: 105-
137. 
222 Randow, F. and Youle, R. J., Self and nonself: how autophagy targets mitochondria and 
bacteria. Cell Host Microbe 2014. 15: 403-411. 
162 
 
223 Deretic, V. and Levine, B., Autophagy, immunity, and microbial adaptations. Cell Host 
Microbe 2009. 5: 527-549. 
224 Deretic, V., Saitoh, T. and Akira, S., Autophagy in infection, inflammation and 
immunity. Nat Rev Immunol 2013. 13: 722-737. 
225 Downs, C. A., Kramarsky-Winter, E., Martinez, J., Kushmaro, A., Woodley, C. M., 
Loya, Y. and Ostrander, G. K., Symbiophagy as a cellular mechanism for coral 
bleaching. Autophagy 2009. 5: 211-216. 
226 Meyer-Morse, N., Robbins, J. R., Rae, C. S., Mochegova, S. N., Swanson, M. S., Zhao, 
Z., Virgin, H. W. and Portnoy, D., Listeriolysin O is necessary and sufficient to induce 
autophagy during Listeria monocytogenes infection. PLoS One 2010. 5: e8610. 
227 Jackson, D. J. and Worheide, G., Symbiophagy and biomineralization in the "living 
fossil" Astrosclera willeyana. Autophagy 2014. 10: 408-415. 
228 Dowdle, W. E., Nyfeler, B., Nagel, J., Elling, R. A., Liu, S., Triantafellow, E., Menon, 
S., Wang, Z., Honda, A., Pardee, G., Cantwell, J., Luu, C., Cornella-Taracido, I., 
Harrington, E., Fekkes, P., Lei, H., Fang, Q., Digan, M. E., Burdick, D., Powers, A. 
F., Helliwell, S. B., D'Aquin, S., Bastien, J., Wang, H., Wiederschain, D., Kuerth, J., 
Bergman, P., Schwalb, D., Thomas, J., Ugwonali, S., Harbinski, F., Tallarico, J., 
Wilson, C. J., Myer, V. E., Porter, J. A., Bussiere, D. E., Finan, P. M., Labow, M. A., 
Mao, X., Hamann, L. G., Manning, B. D., Valdez, R. A., Nicholson, T., Schirle, M., 
Knapp, M. S., Keaney, E. P. and Murphy, L. O., Selective VPS34 inhibitor blocks 
autophagy and uncovers a role for NCOA4 in ferritin degradation and iron homeostasis in 
vivo. Nat Cell Biol 2014. 16: 1069-1079. 
229 Lapaquette, P., Brest, P., Hofman, P. and Darfeuille-Michaud, A., Etiology of Crohn's 
disease: many roads lead to autophagy. J Mol Med (Berl) 2012. 90: 987-996. 
230 Klionsky, D. J., Eskelinen, E. L. and Deretic, V., Autophagosomes, phagosomes, 
autolysosomes, phagolysosomes, autophagolysosomes... wait, I'm confused. Autophagy 
2014. 10: 549-551. 
231 Chargui, A., Cesaro, A., Mimouna, S., Fareh, M., Brest, P., Naquet, P., Darfeuille-
Michaud, A., Hebuterne, X., Mograbi, B., Vouret-Craviari, V. and Hofman, P., 
Subversion of autophagy in adherent invasive Escherichia coli-infected neutrophils 
induces inflammation and cell death. PLoS One 2012. 7: e51727. 
232 Ganley, I. G., Autophagosome maturation and lysosomal fusion. Essays Biochem 2013. 
55: 65-78. 
233 Wild, P., McEwan, D. G. and Dikic, I., The LC3 interactome at a glance. J Cell Sci 2014. 
127: 3-9. 
163 
 
234 Noda, T. and Yoshimori, T., Molecular basis of canonical and bactericidal autophagy. Int 
Immunol 2009. 21: 1199-1204. 
235 Wileman, T., Autophagy as a defence against intracellular pathogens. Essays Biochem 
2013. 55: 153-163. 
236 Shibutani, S. T. and Yoshimori, T., A current perspective of autophagosome biogenesis. 
Cell Res 2014. 24: 58-68. 
237 Narendra, D., Kane, L. A., Hauser, D. N., Fearnley, I. M. and Youle, R. J., 
p62/SQSTM1 is required for Parkin-induced mitochondrial clustering but not mitophagy; 
VDAC1 is dispensable for both. Autophagy 2010. 6: 1090-1106. 
238 Conway, K. L., Kuballa, P., Song, J. H., Patel, K. K., Castoreno, A. B., Yilmaz, O. H., 
Jijon, H. B., Zhang, M., Aldrich, L. N., Villablanca, E. J., Peloquin, J. M., Goel, G., 
Lee, I. A., Mizoguchi, E., Shi, H. N., Bhan, A. K., Shaw, S. Y., Schreiber, S. L., Virgin, 
H. W., Shamji, A. F., Stappenbeck, T. S., Reinecker, H. C. and Xavier, R. J., Atg16l1 
is required for autophagy in intestinal epithelial cells and protection of mice from 
Salmonella infection. Gastroenterology 2013. 145: 1347-1357. 
239 Hardie, D. G., AMP-activated protein kinase: an energy sensor that regulates all aspects 
of cell function. Genes Dev 2011. 25: 1895-1908. 
240 Smith, D. M., Patel, S., Raffoul, F., Haller, E., Mills, G. B. and Nanjundan, M., Arsenic 
trioxide induces a beclin-1-independent autophagic pathway via modulation of SnoN/SkiL 
expression in ovarian carcinoma cells. Cell Death Differ 2010. 17: 1867-1881. 
241 Li, W., Zhu, S., Li, J., Assa, A., Jundoria, A., Xu, J., Fan, S., Eissa, N. T., Tracey, K. 
J., Sama, A. E. and Wang, H., EGCG stimulates autophagy and reduces cytoplasmic 
HMGB1 levels in endotoxin-stimulated macrophages. Biochem Pharmacol 2011. 81: 
1152-1163. 
242 Lapaquette, P., Bringer, M. A. and Darfeuille-Michaud, A., Defects in autophagy 
favour adherent-invasive Escherichia coli persistence within macrophages leading to 
increased pro-inflammatory response. Cell Microbiol 2012. 14: 791-807. 
243 Yuan, K., Huang, C., Fox, J., Laturnus, D., Carlson, E., Zhang, B., Yin, Q., Gao, H. 
and Wu, M., Autophagy plays an essential role in the clearance of Pseudomonas 
aeruginosa by alveolar macrophages. J Cell Sci 2012. 125: 507-515. 
244 Matsuzawa, T., Kim, B. H., Shenoy, A. R., Kamitani, S., Miyake, M. and Macmicking, 
J. D., IFN-gamma elicits macrophage autophagy via the p38 MAPK signaling pathway. J 
Immunol 2012. 189: 813-818. 
245 Gade, P., Ramachandran, G., Maachani, U. B., Rizzo, M. A., Okada, T., Prywes, R., 
Cross, A. S., Mori, K. and Kalvakolanu, D. V., An IFN-gamma-stimulated ATF6-
164 
 
C/EBP-beta-signaling pathway critical for the expression of Death Associated Protein 
Kinase 1 and induction of autophagy. Proc Natl Acad Sci U S A 2012. 109: 10316-10321. 
246 Renna, M., Schaffner, C., Brown, K., Shang, S., Tamayo, M. H., Hegyi, K., Grimsey, 
N. J., Cusens, D., Coulter, S., Cooper, J., Bowden, A. R., Newton, S. M., Kampmann, 
B., Helm, J., Jones, A., Haworth, C. S., Basaraba, R. J., DeGroote, M. A., Ordway, D. 
J., Rubinsztein, D. C. and Floto, R. A., Azithromycin blocks autophagy and may 
predispose cystic fibrosis patients to mycobacterial infection. J Clin Invest 2011. 121: 
3554-3563. 
247 Romao, S. and Munz, C., LC3-associated phagocytosis. Autophagy 2014. 10: 526-528. 
248 Martinez, J., Almendinger, J., Oberst, A., Ness, R., Dillon, C. P., Fitzgerald, P., 
Hengartner, M. O. and Green, D. R., Microtubule-associated protein 1 light chain 3 
alpha (LC3)-associated phagocytosis is required for the efficient clearance of dead cells. 
Proc Natl Acad Sci U S A 2011. 108: 17396-17401. 
249 Lai, S. C. and Devenish, R. J., LC3-Associated Phagocytosis (LAP): Connections with 
Host Autophagy. Cells 2012. 1: 396-408. 
250 Gong, L., Cullinane, M., Treerat, P., Ramm, G., Prescott, M., Adler, B., Boyce, J. D. 
and Devenish, R. J., The Burkholderia pseudomallei type III secretion system and BopA 
are required for evasion of LC3-associated phagocytosis. PLoS One 2011. 6: e17852. 
251 Vernon, P. J. and Tang, D., Eat-me: autophagy, phagocytosis, and reactive oxygen 
species signaling. Antioxid Redox Signal 2013. 18: 677-691. 
252 Lam, G. Y., Cemma, M., Muise, A. M., Higgins, D. E. and Brumell, J. H., Host and 
bacterial factors that regulate LC3 recruitment to Listeria monocytogenes during the early 
stages of macrophage infection. Autophagy 2013. 9: 985-995. 
253 Eskelinen, E. L., Reggiori, F., Baba, M., Kovacs, A. L. and Seglen, P. O., Seeing is 
believing: the impact of electron microscopy on autophagy research. Autophagy 2011. 7: 
935-956. 
254 Brest, P., Lapaquette, P., Souidi, M., Lebrigand, K., Cesaro, A., Vouret-Craviari, V., 
Mari, B., Barbry, P., Mosnier, J. F., Hebuterne, X., Harel-Bellan, A., Mograbi, B., 
Darfeuille-Michaud, A. and Hofman, P., A synonymous variant in IRGM alters a binding 
site for miR-196 and causes deregulation of IRGM-dependent xenophagy in Crohn's 
disease. Nat Genet 2011. 43: 242-245. 
255 Chan, L. L., Shen, D., Wilkinson, A. R., Patton, W., Lai, N., Chan, E., Kuksin, D., Lin, 
B. and Qiu, J., A novel image-based cytometry method for autophagy detection in living 
cells. Autophagy 2012. 8: 1371-1382. 
165 
 
256 Tey, S. K. and Khanna, R., Autophagy mediates transporter associated with antigen 
processing-independent presentation of viral epitopes through MHC class I pathway. Blood 
2012. 120: 994-1004. 
257 Travassos, L. H., Carneiro, L. A., Ramjeet, M., Hussey, S., Kim, Y. G., Magalhaes, J. 
G., Yuan, L., Soares, F., Chea, E., Le Bourhis, L., Boneca, I. G., Allaoui, A., Jones, N. 
L., Nunez, G., Girardin, S. E. and Philpott, D. J., Nod1 and Nod2 direct autophagy by 
recruiting ATG16L1 to the plasma membrane at the site of bacterial entry. Nat Immunol 
2010. 11: 55-62. 
258 Liu, W. T., Lin, C. H., Hsiao, M. and Gean, P. W., Minocycline inhibits the growth of 
glioma by inducing autophagy. Autophagy 2011. 7: 166-175. 
259 Bampton, E. T., Goemans, C. G., Niranjan, D., Mizushima, N. and Tolkovsky, A. M., 
The dynamics of autophagy visualized in live cells: from autophagosome formation to 
fusion with endo/lysosomes. Autophagy 2005. 1: 23-36. 
260 Ni, B. B., Li, B., Yang, Y. H., Chen, J. W., Chen, K., Jiang, S. D. and Jiang, L. S., The 
effect of transforming growth factor beta1 on the crosstalk between autophagy and 
apoptosis in the annulus fibrosus cells under serum deprivation. Cytokine 2014. 
261 Campoy, E. and Colombo, M. I., Autophagy subversion by bacteria. Curr Top Microbiol 
Immunol 2009. 335: 227-250. 
262 Dorn, B. R., Dunn, W. A., Jr. and Progulske-Fox, A., Bacterial interactions with the 
autophagic pathway. Cell Microbiol 2002. 4: 1-10. 
263 Campoy, E. and Colombo, M. I., Autophagy in intracellular bacterial infection. Biochim 
Biophys Acta 2009. 1793: 1465-1477. 
264 Shi, C. S., Shenderov, K., Huang, N. N., Kabat, J., Abu-Asab, M., Fitzgerald, K. A., 
Sher, A. and Kehrl, J. H., Activation of autophagy by inflammatory signals limits IL-
1beta production by targeting ubiquitinated inflammasomes for destruction. Nat Immunol 
2012. 13: 255-263. 
265 Saitoh, T., Fujita, N., Hayashi, T., Takahara, K., Satoh, T., Lee, H., Matsunaga, K., 
Kageyama, S., Omori, H., Noda, T., Yamamoto, N., Kawai, T., Ishii, K., Takeuchi, O., 
Yoshimori, T. and Akira, S., Atg9a controls dsDNA-driven dynamic translocation of 
STING and the innate immune response. Proc Natl Acad Sci U S A 2009. 106: 20842-
20846. 
266 Phadwal, K., Alegre-Abarrategui, J., Watson, A. S., Pike, L., Anbalagan, S., 
Hammond, E. M., Wade-Martins, R., McMichael, A., Klenerman, P. and Simon, A. 
K., A novel method for autophagy detection in primary cells: impaired levels of 
macroautophagy in immunosenescent T cells. Autophagy 2012. 8: 677-689. 
166 
 
267 Kovaleva, V., Mora, R., Park, Y. J., Plass, C., Chiramel, A. I., Bartenschlager, R., 
Dohner, H., Stilgenbauer, S., Pscherer, A., Lichter, P. and Seiffert, M., miRNA-130a 
targets ATG2B and DICER1 to inhibit autophagy and trigger killing of chronic 
lymphocytic leukemia cells. Cancer Res 2012. 72: 1763-1772. 
268 Beum, P. V., Lindorfer, M. A., Hall, B. E., George, T. C., Frost, K., Morrissey, P. J. 
and Taylor, R. P., Quantitative analysis of protein co-localization on B cells opsonized 
with rituximab and complement using the ImageStream multispectral imaging flow 
cytometer. J Immunol Methods 2006. 317: 90-99. 
269 George, T. C., Basiji, D. A., Hall, B. E., Lynch, D. H., Ortyn, W. E., Perry, D. J., Seo, 
M. J., Zimmerman, C. A. and Morrissey, P. J., Distinguishing modes of cell death using 
the ImageStream multispectral imaging flow cytometer. Cytometry A 2004. 59: 237-245. 
270 Kaminskyy, V., Abdi, A. and Zhivotovsky, B., A quantitative assay for the monitoring 
of autophagosome accumulation in different phases of the cell cycle. Autophagy 2011. 7: 
83-90. 
271 Eng, K. E., Panas, M. D., Karlsson Hedestam, G. B. and McInerney, G. M., A novel 
quantitative flow cytometry-based assay for autophagy. Autophagy 2010. 6: 634-641. 
272 Long, K., Mohan, C., Anderl, J., Huryn-Selvar, K., Liu, H., Su, K., Santos, M., Hsu, 
M., Armstrong, L. and Ma, J., Analysis of autophagosome formation using lentiviral 
biosensors for live fluorescent cellular imaging. Methods Mol Biol 2015. 1219: 157-169. 
273 Gump, J. M., Staskiewicz, L., Morgan, M. J., Bamberg, A., Riches, D. W. and 
Thorburn, A., Autophagy variation within a cell population determines cell fate through 
selective degradation of Fap-1. Nat Cell Biol 2014. 16: 47-54. 
274 Nakahira, K., Haspel, J. A., Rathinam, V. A., Lee, S. J., Dolinay, T., Lam, H. C., 
Englert, J. A., Rabinovitch, M., Cernadas, M., Kim, H. P., Fitzgerald, K. A., Ryter, S. 
W. and Choi, A. M., Autophagy proteins regulate innate immune responses by inhibiting 
the release of mitochondrial DNA mediated by the NALP3 inflammasome. Nat Immunol 
2011. 12: 222-230. 
275 Marchiando, A. M., Ramanan, D., Ding, Y., Gomez, L. E., Hubbard-Lucey, V. M., 
Maurer, K., Wang, C., Ziel, J. W., van Rooijen, N., Nunez, G., Finlay, B. B., 
Mysorekar, I. U. and Cadwell, K., A deficiency in the autophagy gene Atg16L1 enhances 
resistance to enteric bacterial infection. Cell Host Microbe 2013. 14: 216-224. 
276 Dixon, S. J. and Stockwell, B. R., The role of iron and reactive oxygen species in cell 
death. Nat Chem Biol 2013. 10: 9-17. 
277 Tenopoulou, M., Kurz, T., Doulias, P. T., Galaris, D. and Brunk, U. T., Does the 
calcein-AM method assay the total cellular 'labile iron pool' or only a fraction of it? 
Biochem J 2007. 403: 261-266. 
167 
 
278 Sturm, B., Goldenberg, H. and Scheiber-Mojdehkar, B., Transient increase of the labile 
iron pool in HepG2 cells by intravenous iron preparations. Eur J Biochem 2003. 270: 3731-
3738. 
279 Miyazaki, E., Kato, J., Kobune, M., Okumura, K., Sasaki, K., Shintani, N., Arosio, P. 
and Niitsu, Y., Denatured H-ferritin subunit is a major constituent of haemosiderin in the 
liver of patients with iron overload. Gut 2002. 50: 413-419. 
280 Mayhew, T. M., Muhlfeld, C., Vanhecke, D. and Ochs, M., A review of recent methods 
for efficiently quantifying immunogold and other nanoparticles using TEM sections 
through cells, tissues and organs. Ann Anat 2009. 191: 153-170. 
281 Song, J. and Abraham, S. N., Innate and adaptive immune responses in the urinary tract. 
Eur J Clin Invest 2008. 38 Suppl 2: 21-28. 
282 Ulett, G. C., Totsika, M., Schaale, K., Carey, A. J., Sweet, M. J. and Schembri, M. A., 
Uropathogenic Escherichia coli virulence and innate immune responses during urinary 
tract infection. Curr Opin Microbiol 2013. 16: 100-107. 
283 Billips, B. K., Forrestal, S. G., Rycyk, M. T., Johnson, J. R., Klumpp, D. J. and 
Schaeffer, A. J., Modulation of host innate immune response in the bladder by 
uropathogenic Escherichia coli. Infect Immun 2007. 75: 5353-5360. 
284 Parzych, K. R. and Klionsky, D. J., An overview of autophagy: morphology, mechanism, 
and regulation. Antioxid Redox Signal 2014. 20: 460-473. 
285 Broz, P. and Monack, D. M., Molecular mechanisms of inflammasome activation during 
microbial infections. Immunol Rev 2011. 243: 174-190. 
286 Sorbara, M. T., Ellison, L. K., Ramjeet, M., Travassos, L. H., Jones, N. L., Girardin, 
S. E. and Philpott, D. J., The protein ATG16L1 suppresses inflammatory cytokines 
induced by the intracellular sensors Nod1 and Nod2 in an autophagy-independent manner. 
Immunity 2013. 39: 858-873. 
287 Cadwell, K., Patel, K. K., Maloney, N. S., Liu, T. C., Ng, A. C., Storer, C. E., Head, R. 
D., Xavier, R., Stappenbeck, T. S. and Virgin, H. W., Virus-plus-susceptibility gene 
interaction determines Crohn's disease gene Atg16L1 phenotypes in intestine. Cell 2010. 
141: 1135-1145. 
288 Hung, C. S., Dodson, K. W. and Hultgren, S. J., A murine model of urinary tract 
infection. Nat Protoc 2009. 4: 1230-1243. 
289 Blattner, F. R., Plunkett, G., 3rd, Bloch, C. A., Perna, N. T., Burland, V., Riley, M., 
Collado-Vides, J., Glasner, J. D., Rode, C. K., Mayhew, G. F., Gregor, J., Davis, N. 
W., Kirkpatrick, H. A., Goeden, M. A., Rose, D. J., Mau, B. and Shao, Y., The complete 
genome sequence of Escherichia coli K-12. Science 1997. 277: 1453-1462. 
168 
 
290 Schilling, J. D., Machkovech, H. M., Kim, A. H., Schwendener, R. and Schaffer, J. E., 
Macrophages modulate cardiac function in lipotoxic cardiomyopathy. Am J Physiol Heart 
Circ Physiol 2012. 303: H1366-1373. 
291 Zeisberger, S. M., Odermatt, B., Marty, C., Zehnder-Fjallman, A. H., Ballmer-Hofer, 
K. and Schwendener, R. A., Clodronate-liposome-mediated depletion of tumour-
associated macrophages: a new and highly effective antiangiogenic therapy approach. Br 
J Cancer 2006. 95: 272-281. 
292 Franchi, L., Munoz-Planillo, R. and Nunez, G., Sensing and reacting to microbes 
through the inflammasomes. Nat Immunol 2012. 13: 325-332. 
293 Latz, E., Xiao, T. S. and Stutz, A., Activation and regulation of the inflammasomes. Nat 
Rev Immunol 2013. 13: 397-411. 
294 Carneiro, L. A. and Travassos, L. H., The Interplay between NLRs and Autophagy in 
Immunity and Inflammation. Front Immunol 2013. 4: 361. 
295 Miao, E. A., Mao, D. P., Yudkovsky, N., Bonneau, R., Lorang, C. G., Warren, S. E., 
Leaf, I. A. and Aderem, A., Innate immune detection of the type III secretion apparatus 
through the NLRC4 inflammasome. Proc Natl Acad Sci U S A 2010. 107: 3076-3080. 
296 Sauer, J. D., Pereyre, S., Archer, K. A., Burke, T. P., Hanson, B., Lauer, P. and 
Portnoy, D. A., Listeria monocytogenes engineered to activate the Nlrc4 inflammasome 
are severely attenuated and are poor inducers of protective immunity. Proc Natl Acad Sci 
U S A 2011. 108: 12419-12424. 
297 Miao, E. A., Leaf, I. A., Treuting, P. M., Mao, D. P., Dors, M., Sarkar, A., Warren, S. 
E., Wewers, M. D. and Aderem, A., Caspase-1-induced pyroptosis is an innate immune 
effector mechanism against intracellular bacteria. Nat Immunol 2010. 11: 1136-1142. 
298 Byrne, B. G., Dubuisson, J. F., Joshi, A. D., Persson, J. J. and Swanson, M. S., 
Inflammasome components coordinate autophagy and pyroptosis as macrophage responses 
to infection. MBio 2013. 4: e00620-00612. 
299 Harder, J., Franchi, L., Munoz-Planillo, R., Park, J. H., Reimer, T. and Nunez, G., 
Activation of the Nlrp3 inflammasome by Streptococcus pyogenes requires streptolysin O 
and NF-kappa B activation but proceeds independently of TLR signaling and P2X7 
receptor. J Immunol 2009. 183: 5823-5829. 
300 Hornung, V., Bauernfeind, F., Halle, A., Samstad, E. O., Kono, H., Rock, K. L., 
Fitzgerald, K. A. and Latz, E., Silica crystals and aluminum salts activate the NALP3 
inflammasome through phagosomal destabilization. Nat Immunol 2008. 9: 847-856. 
301 Davis, B. K., Wen, H. and Ting, J. P., The inflammasome NLRs in immunity, 
inflammation, and associated diseases. Annu Rev Immunol 2011. 29: 707-735. 
169 
 
302 Weber, K. and Schilling, J. D., Lysosomes integrate metabolic-inflammatory cross-talk 
in primary macrophage inflammasome activation. J Biol Chem 2014. 289: 9158-9171. 
303 de Luca, A., Smeekens, S. P., Casagrande, A., Iannitti, R., Conway, K. L., Gresnigt, 
M. S., Begun, J., Plantinga, T. S., Joosten, L. A., van der Meer, J. W., Chamilos, G., 
Netea, M. G., Xavier, R. J., Dinarello, C. A., Romani, L. and van de Veerdonk, F. L., 
IL-1 receptor blockade restores autophagy and reduces inflammation in chronic 
granulomatous disease in mice and in humans. Proc Natl Acad Sci U S A 2014. 111: 3526-
3531. 
304 Sims, J. E. and Smith, D. E., The IL-1 family: regulators of immunity. Nat Rev Immunol 
2010. 10: 89-102. 
305 Lee, J., Kim, H. R., Quinley, C., Kim, J., Gonzalez-Navajas, J., Xavier, R. and Raz, 
E., Autophagy suppresses interleukin-1beta (IL-1beta) signaling by activation of p62 
degradation via lysosomal and proteasomal pathways. J Biol Chem 2012. 287: 4033-4040. 
306 Plantinga, T. S., Crisan, T. O., Oosting, M., van de Veerdonk, F. L., de Jong, D. J., 
Philpott, D. J., van der Meer, J. W., Girardin, S. E., Joosten, L. A. and Netea, M. G., 
Crohn's disease-associated ATG16L1 polymorphism modulates pro-inflammatory 
cytokine responses selectively upon activation of NOD2. Gut 2011. 60: 1229-1235. 
307 Buffen, K., Oosting, M., Mennens, S., Anand, P. K., Plantinga, T. S., Sturm, P., van 
de Veerdonk, F. L., van der Meer, J. W., Xavier, R. J., Kanneganti, T. D., Netea, M. 
G. and Joosten, L. A., Autophagy modulates Borrelia burgdorferi-induced production of 
interleukin-1beta (IL-1beta). J Biol Chem 2013. 288: 8658-8666. 
308 Lassen, K. G., Kuballa, P., Conway, K. L., Patel, K. K., Becker, C. E., Peloquin, J. M., 
Villablanca, E. J., Norman, J. M., Liu, T. C., Heath, R. J., Becker, M. L., Fagbami, 
L., Horn, H., Mercer, J., Yilmaz, O. H., Jaffe, J. D., Shamji, A. F., Bhan, A. K., Carr, 
S. A., Daly, M. J., Virgin, H. W., Schreiber, S. L., Stappenbeck, T. S. and Xavier, R. 
J., Atg16L1 T300A variant decreases selective autophagy resulting in altered cytokine 
signaling and decreased antibacterial defense. Proc Natl Acad Sci U S A 2014. 
309 Kostic, A. D., Xavier, R. J. and Gevers, D., The microbiome in inflammatory bowel 
disease: current status and the future ahead. Gastroenterology 2014. 146: 1489-1499. 
310 Wardrop, S. L. and Richardson, D. R., Interferon-gamma and lipopolysaccharide 
regulate the expression of Nramp2 and increase the uptake of iron from low relative 
molecular mass complexes by macrophages. Eur J Biochem 2000. 267: 6586-6593. 
311 Wardrop, S. L., Wells, C., Ravasi, T., Hume, D. A. and Richardson, D. R., Induction 
of Nramp2 in activated mouse macrophages is dissociated from regulation of the Nramp1, 
classical inflammatory genes, and genes involved in iron metabolism. J Leukoc Biol 2002. 
71: 99-106. 
170 
 
312 Michels, K., Nemeth, E., Ganz, T. and Mehrad, B., Hepcidin and Host Defense against 
Infectious Diseases. PLoS Pathog 2015. 11: e1004998. 
313 Weber, K. and Schilling, J. D., Distinct lysosome phenotypes influence inflammatory 
function in peritoneal and bone marrow-derived macrophages. Int J Inflam 2014. 2014: 
154936. 
314 Layoun, A. and Santos, M. M., Bacterial cell wall constituents induce hepcidin 
expression in macrophages through MyD88 signaling. Inflammation 2012. 35: 1500-1506. 
315 Wu, X., Yung, L. M., Cheng, W. H., Yu, P. B., Babitt, J. L., Lin, H. Y. and Xia, Y., 
Hepcidin regulation by BMP signaling in macrophages is lipopolysaccharide dependent. 
PLoS One 2012. 7: e44622. 
316 Mavromatis, C. H., Bokil, N. J., Totsika, M., Kakkanat, A., Schaale, K., Cannistraci, 
C. V., Ryu, T., Beatson, S. A., Ulett, G. C., Schembri, M. A., Sweet, M. J. and Ravasi, 
T., The co-transcriptome of uropathogenic Escherichia coli-infected mouse macrophages 
reveals new insights into host-pathogen interactions. Cell Microbiol 2015. 17: 730-746. 
317 Rook, G. A., Steele, J., Ainsworth, M. and Champion, B. R., Activation of macrophages 
to inhibit proliferation of Mycobacterium tuberculosis: comparison of the effects of 
recombinant gamma-interferon on human monocytes and murine peritoneal macrophages. 
Immunology 1986. 59: 333-338. 
318 Guptarak, J., Wanchoo, S., Durham-Lee, J., Wu, Y., Zivadinovic, D., Paulucci-
Holthauzen, A. and Nesic, O., Inhibition of IL-6 signaling: A novel therapeutic approach 
to treating spinal cord injury pain. Pain 2013. 154: 1115-1128. 
319 Nordan, R. P. and Potter, M., A macrophage-derived factor required by plasmacytomas 
for survival and proliferation in vitro. Science 1986. 233: 566-569. 
320 Houamel, D., Ducrot, N., Lefebvre, T., Daher, R., Moulouel, B., Sari, M. A., Letteron, 
P., Lyoumi, S., Millot, S., Tourret, J., Bouvet, O., Vaulont, S., Vandewalle, A., 
Denamur, E., Puy, H., Beaumont, C., Gouya, L. and Karim, Z., Hepcidin as a Major 
Component of Renal Antibacterial Defenses against Uropathogenic Escherichia coli. J Am 
Soc Nephrol 2015. 
321 Peiser, L., Mukhopadhyay, S. and Gordon, S., Scavenger receptors in innate immunity. 
Curr Opin Immunol 2002. 14: 123-128. 
322 Miro-Julia, C., Rosello, S., Martinez, V. G., Fink, D. R., Escoda-Ferran, C., Padilla, 
O., Vazquez-Echeverria, C., Espinal-Marin, P., Pujades, C., Garcia-Pardo, A., Vila, 
J., Serra-Pages, C., Holmskov, U., Yelamos, J. and Lozano, F., Molecular and 
functional characterization of mouse S5D-SRCRB: a new group B member of the 
scavenger receptor cysteine-rich superfamily. J Immunol 2011. 186: 2344-2354. 
171 
 
323 Miro-Julia, C., Escoda-Ferran, C., Carrasco, E., Moeller, J. B., Vadekaer, D. F., Gao, 
X., Paragas, N., Oliver, J., Holmskov, U., Al-Awqati, Q. and Lozano, F., Expression of 
the innate defense receptor S5D-SRCRB in the urogenital tract. Tissue Antigens 2014. 83: 
273-285. 
324 Jacolot, S., Ferec, C. and Mura, C., Iron responses in hepatic, intestinal and 
macrophage/monocyte cell lines under different culture conditions. Blood Cells Mol Dis 
2008. 41: 100-108. 
325 De Domenico, I., McVey Ward, D. and Kaplan, J., Regulation of iron acquisition and 
storage: consequences for iron-linked disorders. Nat Rev Mol Cell Biol 2008. 9: 72-81. 
326 Thorp, E., Vaisar, T., Subramanian, M., Mautner, L., Blobel, C. and Tabas, I., 
Shedding of the Mer tyrosine kinase receptor is mediated by ADAM17 protein through a 
pathway involving reactive oxygen species, protein kinase Cdelta, and p38 mitogen-
activated protein kinase (MAPK). J Biol Chem 2011. 286: 33335-33344. 
327 Sather, S., Kenyon, K. D., Lefkowitz, J. B., Liang, X., Varnum, B. C., Henson, P. M. 
and Graham, D. K., A soluble form of the Mer receptor tyrosine kinase inhibits 
macrophage clearance of apoptotic cells and platelet aggregation. Blood 2007. 109: 1026-
1033. 
328 Goncalves, C. M., Castro, M. A., Henriques, T., Oliveira, M. I., Pinheiro, H. C., 
Oliveira, C., Sreenu, V. B., Evans, E. J., Davis, S. J., Moreira, A. and Carmo, A. M., 
Molecular cloning and analysis of SSc5D, a new member of the scavenger receptor 
cysteine-rich superfamily. Mol Immunol 2009. 46: 2585-2596. 
329 Michaud, D. S., Chronic inflammation and bladder cancer. Urol Oncol 2007. 25: 260-268. 
330 Nesi, G., Nobili, S., Cai, T., Caini, S. and Santi, R., Chronic inflammation in urothelial 
bladder cancer. Virchows Arch 2015. 467: 623-633. 
331 Yona, S., Kim, K. W., Wolf, Y., Mildner, A., Varol, D., Breker, M., Strauss-Ayali, D., 
Viukov, S., Guilliams, M., Misharin, A., Hume, D. A., Perlman, H., Malissen, B., 
Zelzer, E. and Jung, S., Fate mapping reveals origins and dynamics of monocytes and 
tissue macrophages under homeostasis. Immunity 2013. 38: 79-91. 
332 Ginhoux, F., Greter, M., Leboeuf, M., Nandi, S., See, P., Gokhan, S., Mehler, M. F., 
Conway, S. J., Ng, L. G., Stanley, E. R., Samokhvalov, I. M. and Merad, M., Fate 
mapping analysis reveals that adult microglia derive from primitive macrophages. Science 
2010. 330: 841-845. 
333 Mantovani, A., Sica, A., Sozzani, S., Allavena, P., Vecchi, A. and Locati, M., The 
chemokine system in diverse forms of macrophage activation and polarization. Trends 
Immunol 2004. 25: 677-686. 
172 
 
334 Viola, A. and Luster, A. D., Chemokines and their receptors: drug targets in immunity 
and inflammation. Annu Rev Pharmacol Toxicol 2008. 48: 171-197. 
335 Jozefowski, S., Sulahian, T. H., Arredouani, M. and Kobzik, L., Role of scavenger 
receptor MARCO in macrophage responses to CpG oligodeoxynucleotides. J Leukoc Biol 
2006. 80: 870-879. 
336 Jozefowski, S., Arredouani, M., Sulahian, T. and Kobzik, L., Disparate regulation and 
function of the class A scavenger receptors SR-AI/II and MARCO. J Immunol 2005. 175: 
8032-8041. 
337 Bowdish, D. M., Sakamoto, K., Kim, M. J., Kroos, M., Mukhopadhyay, S., Leifer, C. 
A., Tryggvason, K., Gordon, S. and Russell, D. G., MARCO, TLR2, and CD14 are 
required for macrophage cytokine responses to mycobacterial trehalose dimycolate and 
Mycobacterium tuberculosis. PLoS Pathog 2009. 5: e1000474. 
338 Kim, H., Lee, H., Lee, G., Jang, H., Kim, S. S., Yoon, H., Kang, G. H., Hwang, D. S., 
Kim, S. K., Chung, H. S. and Bae, H., Phospholipase A2 inhibits cisplatin-induced acute 
kidney injury by modulating regulatory T cells by the CD206 mannose receptor. Kidney 
Int 2015. 88: 550-559. 
339 Dan, J. M., Kelly, R. M., Lee, C. K. and Levitz, S. M., Role of the mannose receptor in 
a murine model of Cryptococcus neoformans infection. Infect Immun 2008. 76: 2362-2367. 
340 Heinsbroek, S. E., Squadrito, M. L., Schilderink, R., Hilbers, F. W., Verseijden, C., 
Hofmann, M., Helmke, A., Boon, L., Wildenberg, M. E., Roelofs, J. J., Ponsioen, C. 
Y., Peters, C. P., Te Velde, A. A., Gordon, S., De Palma, M. and de Jonge, W. J., miR-
511-3p, embedded in the macrophage mannose receptor gene, contributes to intestinal 
inflammation. Mucosal Immunol 2015. 
341 Etzerodt, A., Kjolby, M., Nielsen, M. J., Maniecki, M., Svendsen, P. and Moestrup, S. 
K., Plasma clearance of hemoglobin and haptoglobin in mice and effect of CD163 gene 
targeting disruption. Antioxid Redox Signal 2013. 18: 2254-2263. 
342 Dai, C., Yao, X., Gordon, E. M., Barochia, A., Cuento, R. A., Kaler, M., Meyer, K. S., 
Keeran, K. J., Nugent, G. Z., Jeffries, K. R., Qu, X., Yu, Z. X., Aponte, A., Gucek, M., 
Dagur, P. K., McCoy, J. P. and Levine, S. J., A CCL24-dependent pathway augments 
eosinophilic airway inflammation in house dust mite-challenged Cd163 mice. Mucosal 
Immunol 2015. 
343 Akahori, H., Karmali, V., Polavarapu, R., Lyle, A. N., Weiss, D., Shin, E., Husain, A., 
Naqvi, N., Van Dam, R., Habib, A., Choi, C. U., King, A. L., Pachura, K., Taylor, W. 
R., Lefer, D. J. and Finn, A. V., CD163 interacts with TWEAK to regulate tissue 
regeneration after ischaemic injury. Nat Commun 2015. 6: 7792. 
173 
 
344 Eastman, A. J., Osterholzer, J. J. and Olszewski, M. A., Role of dendritic cell-pathogen 
interactions in the immune response to pulmonary cryptococcal infection. Future 
Microbiol 2015. 10: 1837-1857. 
345 Ponpuak, M., Davis, A. S., Roberts, E. A., Delgado, M. A., Dinkins, C., Zhao, Z., 
Virgin, H. W. t., Kyei, G. B., Johansen, T., Vergne, I. and Deretic, V., Delivery of 
cytosolic components by autophagic adaptor protein p62 endows autophagosomes with 
unique antimicrobial properties. Immunity 2010. 32: 329-341. 
346 Bowdish, D. M., Sakamoto, K., Lack, N. A., Hill, P. C., Sirugo, G., Newport, M. J., 
Gordon, S., Hill, A. V. and Vannberg, F. O., Genetic variants of MARCO are associated 
with susceptibility to pulmonary tuberculosis in a Gambian population. BMC Med Genet 
2013. 14: 47. 
347 Ma, M. J., Wang, H. B., Li, H., Yang, J. H., Yan, Y., Xie, L. P., Qi, Y. C., Li, J. L., 
Chen, M. J., Liu, W. and Cao, W. C., Genetic variants in MARCO are associated with 
the susceptibility to pulmonary tuberculosis in Chinese Han population. PLoS One 2011. 
6: e24069. 
348 Roca, H., Varsos, Z. S., Sud, S., Craig, M. J., Ying, C. and Pienta, K. J., CCL2 and 
interleukin-6 promote survival of human CD11b+ peripheral blood mononuclear cells and 
induce M2-type macrophage polarization. J Biol Chem 2009. 284: 34342-34354. 
349 Zhang, X., Li, X., Zhang, W., Wei, L., Jiang, T., Chen, Z., Meng, C., Liu, J., Wu, F., 
Wang, C., Li, F., Sun, X., Li, Z. and Li, J. C., The novel human MRC1 gene 
polymorphisms are associated with susceptibility to pulmonary tuberculosis in Chinese 
Uygur and Kazak populations. Mol Biol Rep 2013. 40: 5073-5083. 
350 Hattori, T., Konno, S., Takahashi, A., Isada, A., Shimizu, K., Shimizu, K., Taniguchi, 
N., Gao, P., Yamaguchi, E., Hizawa, N., Huang, S. K. and Nishimura, M., Genetic 
variants in mannose receptor gene (MRC1) confer susceptibility to increased risk of 
sarcoidosis. BMC Med Genet 2010. 11: 151. 
351 Zhang, X., Jiang, F., Wei, L., Li, F., Liu, J., Wang, C., Zhao, M., Jiang, T., Xu, D., 
Fan, D., Sun, X. and Li, J. C., Polymorphic allele of human MRC1 confer protection 
against tuberculosis in a Chinese population. Int J Biol Sci 2012. 8: 375-382. 
352 Alter, A., de Leseleuc, L., Van Thuc, N., Thai, V. H., Huong, N. T., Ba, N. N., Cardoso, 
C. C., Grant, A. V., Abel, L., Moraes, M. O., Alcais, A. and Schurr, E., Genetic and 
functional analysis of common MRC1 exon 7 polymorphisms in leprosy susceptibility. 
Hum Genet 2010. 127: 337-348. 
353 Wang, D., Feng, J. Q., Li, Y. Y., Zhang, D. F., Li, X. A., Li, Q. W. and Yao, Y. G., 
Genetic variants of the MRC1 gene and the IFNG gene are associated with leprosy in Han 
Chinese from Southwest China. Hum Genet 2012. 131: 1251-1260. 
174 
 
354 Zigmond, E. and Jung, S., Intestinal macrophages: well educated exceptions from the 
rule. Trends Immunol 2013. 34: 162-168. 
355 Cerovic, V., Bain, C. C., Mowat, A. M. and Milling, S. W., Intestinal macrophages and 
dendritic cells: what's the difference? Trends Immunol 2014. 35: 270-277. 
356 Ohman, T., Teirila, L., Lahesmaa-Korpinen, A. M., Cypryk, W., Veckman, V., Saijo, 
S., Wolff, H., Hautaniemi, S., Nyman, T. A. and Matikainen, S., Dectin-1 pathway 
activates robust autophagy-dependent unconventional protein secretion in human 
macrophages. J Immunol 2014. 192: 5952-5962. 
357 Sanjurjo, L., Amezaga, N., Vilaplana, C., Caceres, N., Marzo, E., Valeri, M., Cardona, 
P. J. and Sarrias, M. R., The scavenger protein apoptosis inhibitor of macrophages (AIM) 
potentiates the antimicrobial response against Mycobacterium tuberculosis by enhancing 
autophagy. PLoS One 2013. 8: e79670. 
358 Mollace, V., Gliozzi, M., Musolino, V., Carresi, C., Muscoli, S., Mollace, R., 
Tavernese, A., Gratteri, S., Palma, E., Morabito, C., Vitale, C., Muscoli, C., Fini, M. 
and Romeo, F., Oxidized LDL attenuates protective autophagy and induces apoptotic cell 
death of endothelial cells: Role of oxidative stress and LOX-1 receptor expression. Int J 
Cardiol 2015. 184: 152-158. 
359 Ganz, T., Macrophages and systemic iron homeostasis. J Innate Immun 2012. 4: 446-453. 
360 Lodder, J., Denaes, T., Chobert, M. N., Wan, J., El-Benna, J., Pawlotsky, J. M., 
Lotersztajn, S. and Teixeira-Clerc, F., Macrophage autophagy protects against liver 
fibrosis in mice. Autophagy 2015. 11: 1280-1292. 
361 Ilyas, G., Zhao, E., Liu, K., Lin, Y., Tesfa, L., Tanaka, K. E. and Czaja, M. J., 
Macrophage autophagy limits acute toxic liver injury in mice through down regulation of 
interleukin-1beta. J Hepatol 2016. 64: 118-127. 
362 Ding, W. X. and Jaeschke, H., Autophagy in macrophages regulates the inflammasome 
and protects against liver injury. J Hepatol 2016. 64: 16-18. 
363 Czaja, M. J., Ding, W. X., Donohue, T. M., Jr., Friedman, S. L., Kim, J. S., Komatsu, 
M., Lemasters, J. J., Lemoine, A., Lin, J. D., Ou, J. H., Perlmutter, D. H., Randall, 
G., Ray, R. B., Tsung, A. and Yin, X. M., Functions of autophagy in normal and diseased 
liver. Autophagy 2013. 9: 1131-1158. 
364 Luo, M. X., Wong, S. H., Chan, M. T., Yu, L., Yu, S. S., Wu, F., Xiao, Z., Wang, X., 
Zhang, L., Cheng, A. S., Ng, S. S., Chan, F. K., Cho, C. H., Yu, J., Sung, J. J. and Wu, 
W. K., Autophagy Mediates HBx-Induced Nuclear Factor-kappaB Activation and Release 
of IL-6, IL-8, and CXCL2 in Hepatocytes. J Cell Physiol 2015. 230: 2382-2389. 
365 Benson, M., Jodal, U., Agace, W., Hellstrom, M., Marild, S., Rosberg, S., Sjostrom, 
M., Wettergren, B., Jonsson, S. and Svanborg, C., Interleukin (IL)-6 and IL-8 in children 
175 
 
with febrile urinary tract infection and asymptomatic bacteriuria. J Infect Dis 1996. 174: 
1080-1084. 
366 Mantovani, A., Sica, A. and Locati, M., New vistas on macrophage differentiation and 
activation. Eur J Immunol 2007. 37: 14-16. 
367 Duluc, D., Delneste, Y., Tan, F., Moles, M. P., Grimaud, L., Lenoir, J., Preisser, L., 
Anegon, I., Catala, L., Ifrah, N., Descamps, P., Gamelin, E., Gascan, H., Hebbar, M. 
and Jeannin, P., Tumor-associated leukemia inhibitory factor and IL-6 skew monocyte 
differentiation into tumor-associated macrophage-like cells. Blood 2007. 110: 4319-4330. 
368 Heusinkveld, M., de Vos van Steenwijk, P. J., Goedemans, R., Ramwadhdoebe, T. H., 
Gorter, A., Welters, M. J., van Hall, T. and van der Burg, S. H., M2 macrophages 
induced by prostaglandin E2 and IL-6 from cervical carcinoma are switched to activated 
M1 macrophages by CD4+ Th1 cells. J Immunol 2011. 187: 1157-1165. 
369 Dominguez-Soto, A., Sierra-Filardi, E., Puig-Kroger, A., Perez-Maceda, B., Gomez-
Aguado, F., Corcuera, M. T., Sanchez-Mateos, P. and Corbi, A. L., Dendritic cell-
specific ICAM-3-grabbing nonintegrin expression on M2-polarized and tumor-associated 
macrophages is macrophage-CSF dependent and enhanced by tumor-derived IL-6 and IL-
10. J Immunol 2011. 186: 2192-2200. 
370 Chomarat, P., Banchereau, J., Davoust, J. and Palucka, A. K., IL-6 switches the 
differentiation of monocytes from dendritic cells to macrophages. Nat Immunol 2000. 1: 
510-514. 
371 Mantovani, A., Sozzani, S., Locati, M., Allavena, P. and Sica, A., Macrophage 
polarization: tumor-associated macrophages as a paradigm for polarized M2 mononuclear 
phagocytes. Trends Immunol 2002. 23: 549-555. 
372 Michaud, M., Balardy, L., Moulis, G., Gaudin, C., Peyrot, C., Vellas, B., Cesari, M. 
and Nourhashemi, F., Proinflammatory cytokines, aging, and age-related diseases. J Am 
Med Dir Assoc 2013. 14: 877-882. 
373 Franceschi, C., Capri, M., Monti, D., Giunta, S., Olivieri, F., Sevini, F., Panourgia, M. 
P., Invidia, L., Celani, L., Scurti, M., Cevenini, E., Castellani, G. C. and Salvioli, S., 
Inflammaging and anti-inflammaging: a systemic perspective on aging and longevity 
emerged from studies in humans. Mech Ageing Dev 2007. 128: 92-105. 
374 Bruunsgaard, H., Pedersen, M. and Pedersen, B. K., Aging and proinflammatory 
cytokines. Curr Opin Hematol 2001. 8: 131-136. 
375 Stranks, A. J., Hansen, A. L., Panse, I., Mortensen, M., Ferguson, D. J., Puleston, D. 
J., Shenderov, K., Watson, A. S., Veldhoen, M., Phadwal, K., Cerundolo, V. and 
Simon, A. K., Autophagy Controls Acquisition of Aging Features in Macrophages. J 
Innate Immun 2015. 7: 375-391. 
176 
 
376 Nicolle, L. E., Urinary tract pathogens in complicated infection and in elderly individuals. 
J Infect Dis 2001. 183 Suppl 1: S5-8. 
 
  
177 
 
Appendix  
 
 
A.1 Materials and methods 
 
Mice. All protocols were approved by the animal studies committee of the Washington University 
School of Medicine (Animal Welfare Assurance #A-3381-01). Seven to nine-week-old wild-type 
C57BL/6 mice, LyzM-Cre- Atg16l1fl/fl C57BL/6, and LyzM-Cre+ Atg16l1fl/fl C57BL/6 mice were 
used. 
Bacteria. Luria Broth media (Sigma) was inoculated with the UPEC clinical cystitis isolate UTI89 
and grown as previously described [36].  
Isolation of murine peritoneal macrophages (pMacs). A 3.85% solution of thioglycollate 
(Difco, BD Bioscience Diagnostics) was made according to the manufacturer’s protocol. Mice 
were injected intraperitoneally with 1 mL of 3.85% thioglycollate and allowed to rest for four days. 
Mice were sacrificed, and 3 mL of culture media (DMEM containing 10% FBS, 1% Glutamax, 
1% penicillin/streptomycin; all from Gibco, Life Technologies) and 1% sodium pyruvate 
(Corning) was injected into the mouse peritoneal cavity. pMacs were then isolated using 
previously published protocols [302, 313, 315]. Cells were centrifuged at 460 x g for 5 minutes at 
4°C, resuspended in culture media, counted, and plated at a density of 5 x 105 cells/mL. 
Cell culture. pMacs in a 24-well tissue culture plate (~5 x 105 cells/well, 1 mL culture media/well) 
were treated for 24 hours with "infection medium", which was culture medium lacking 
penicillin/streptomycin, with or without 250 µM ferric ammonium citrate (FAC, Sigma-Aldrich, 
CAS: 1185-57-5) and with or without 125 ng/mL anti-IL-6Rα (R&D Systems, AF1830) or normal 
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goat IgG isotype control antibody (R&D Systems, AB-108-C). Cells were infected with UTI89 in 
1 mL of new infection media.  
Quantitative PCR (qPCR). Following gentamicin treatment, infected pMacs were removed from 
the tissue culture plate using CellStripper (Corning), followed by trypsin treatment (Gibco, Life 
Technologies) The pMacs were then washed in 5% FBS, transferred to buffer RLT with β-
mercaptoethanol (Sigma, M6250), and frozen at -80°C, per manufacturer’s protocols (RNeasy 
Mini kit, Qiagen). The samples were then thawed and RNA was isolated from the cells per 
manufacturer’s protocols (RNeasy Mini kit, Qiagen). cDNA was then generated according the 
manufacturer’s protocol, (First-Strand cDNA synthesis Using SuperScript II RT, Life 
Technologies; with DNase treatment). qPCR was performed per manufacturer’s protocols 
(SsoAdvanced Universal SYBR Green Supermix, BIO-RAD, 1725274) using the following 
primers: Hamp1 (hepcidin): 5’-GCAGAAGAGAAGGAAGAGAGACACC-3' and 5’-
TGTAGAGAGGTCAGGATGTGGCTC-3';  
Fpn1 (ferroportin): 5’-TGGAACTCTATGGAAACAGCCT -3' and 5’-
TGGCATTCTTATCCACCCAGT-3'; Slc11a2 (Dmt1): 5’-AACCAACAAGCAGGTGGTTGA-
3' and 5’-CCTTGTAGATGTCCACAGCCAGAGT-3'; Tfr1 (transferrin receptor): 5’-
GTGGAGTATCACTTCCTGTCGC-3' and 5’-CCCCAGAAGATATGTCGGAAAGG-3'; Lcn2 
(lipocalin 2): 5’-TGGCCCTGAGTGTCATGTG-3' and 5’-
CTCTTGTAGCTCATAGATGGTGC-3'; Il-6: 5’-CCAGAAACCGCTATGAAGTTCCT-3' and 
5’-CACCAGCATCAGTCCCAAGA-3'; Rn18s (18S): 5’-CGGCTACCACATCCAAGGAA-3' 
and 5’-GCTGGAATTACCGCGGCT-3'. 
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Murine infection with UTI89. Mice were briefly anesthetized with isoflurane. The mice were 
then transurethrally injected with 50 μL of PBS or 50 μL of prepared UTI89 by using a 1 mL 
syringe and a catheter with a 26G needle. After 6, 24, or 72 hours, mice were urinated and then 
euthanized by exposure to isoflurane followed by cervical dislocation. 
Isolation of murine bladder cells. Bladders from euthanized mice were removed and briefly 
washed in PBS. Individual bladders were then placed into 1 mg/mL collagenase (Sigma) and 22 
μg/mL DNAse (Sigma) in PBS or RPMI at 37°C. The bladders were subsequently shaken at 37°C 
for 30 minutes to 1 hour, processed into a single-cell suspension by using a 1 mL syringe plunger, 
and passed through a 70 μm filter. Bladder cells from the same treatment group were then pooled. 
Cell sorting. Bladder cells were treated with TruStain fcX (anti-mouse CD16/32; BioLegend) in 
5% FBS (Gibco, Life Technologies) with 25 mM HEPES for 20 minutes. Cells were then washed, 
treated with the appropriate fluorescent antibodies and isotype control antibodies at the noted 
concentrations (see below) at 4°C for 20 minutes, and then washed with 5% FBS with 25 mM 
HEPES. Samples containing a biotin-conjugated antibody were subsequently treated with the 
appropriate streptavidin-conjugate at 4°C for 20 minutes. Cells were then washed and isolated 
using a BD FACS Aria flow cytometer. The following antibodies from eBioscience were used at 
1:50: CD11b-APC (17-0112-83) and F4/80-PE (12-4801-82). The following antibodies from 
BioLegend were used at 1:50: CD11b-biotin (101204), CD71 (113803), CD64-PE-Cy7 (139314), 
CD163-GFP(333617), TLR4/MD2-biotin (117603), and CD45-Per-CP-Cy5 (103132). The 
following antibodies from R&D Systems were used at 1:8: CD206-Alexa700 (FAB2535N), 
MARCO-APC (FAB2956A), SR-A1-APC (FAB1797A), and MerTK-PE (FAB5912P). The 
following streptavidin conjugates from Life Technologies were used at 1:15: Strepatividin-
Alexa405 and Streptavidin-PacificOrange. 
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Microarray analysis. Sorted bladder cells were transferred to buffer RLT with β-mercaptoethanol 
(Sigma, M6250), with at least 6 x 103 cells being per sorted bladder cell population. RNA was then 
isolated from the cells and frozen, per the manufacturer’s protocols (RNeasy Mini kit, Qiagen), 
and assessed for quality using the Bioanalyzer 2100 (Agilent). With the Sigma WTA2 RNA 
amplification kit, 1.0 ng of total RNA were amplified and then 3μg of cDNA were chemically 
labeled with Kreatech ULS Fluorescent Labeling Kit for Agilent arrays (Kreatech Diagnostics). 
Finally, 1.7μg of labeled cDNAs were subsequently hybridized onto Agilent Mouse Gene 
Expression 4x44K Microarrays (cat. G4122F-014868). Slides were scanned on an Agilent C-class 
Microarray scanner to detect Cy5 fluorescence, according to manufacturer's specifications. 
Gridding and analysis of images was performed using Feature Extraction (v11.5.1.1, Agilent 
Technologies). The data was then analyzed using the R software package. 
Statistics. Statistical analysis was performed using GraphPad Prism software. All results are 
expressed as means ± S.E. Groups were compared by paired Student's t test or two-way analysis 
of variance as appropriate. A value of p ≤ 0.05 was considered significant.
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Aaas 223921 3.9 3.4 Efcab1 66793 -2.6 1.4 Mdm4 17248 -1.7 6.6 Rufy1 216724 -1.3 2.3
Aamdc 66273 -3.2 -1.6 Efcab1 66793 -10.7 -5.4 Mdn1 100019 1.5 3.1 Rufy2 70432 1.6 4.4
Aamdc 66273 -2.2 -1.9 Efcab11 78767 1.5 4.5 Mdp1 67881 -2.1 2.0 Rufy3 52822 -3.0 2.6
Aanat 11298 -1.1 -6.9 Efcab14 230648 3.0 8.4 Me1 17436 -13.8 -4.2 Rufy3 52822 5.9 3.3
Aar2 68295 4.6 3.4 Efcab14 230648 -2.5 1.7 Me1 17436 -17.9 -10.2 Rufy3 52822 -2.1 7.0
Aars 234734 1.1 5.7 Efcab14 230648 -4.4 1.0 Me2 107029 2.3 1.2 Rundc1 217201 -1.3 5.1
Aars 234734 1.0 5.0 Efcab2 68226 1.8 -10.0 Me2 107029 5.7 1.2 Rundc3a 51799 -3.6 -7.8
Aasdh 231326 -1.0 3.4 Efcab2 68226 -6.0 -7.9 Me3 109264 -5.6 1.1 Rundc3b 242819 -2.3 1.4
Aasdhppt 67618 1.2 3.7 Efcab3 70894 2.9 -1.7 Me3 109264 1.8 -2.6 Runx1 12394 1.0 3.3
Aass 30956 -2.2 1.0 Efcab3 70894 2.4 -3.6 Meaf6 70088 -1.3 2.9 Runx1t1 12395 -16.2 2.2
Aatf 56321 -1.1 2.4 Efcab4a 213573 -2.0 -2.8 Mecom 14013 -11.0 -1.8 Runx2 12393 3.4 29.1
Aatk 11302 5.3 11.3 Efcab8 100504221 1.1 -7.2 Mecom 14013 -31.4 -20.0 Runx2 12393 9.9 7.5
AB041803 232685 -1.6 5.5 Efcc1 58229 -1.6 -4.3 Med1 19014 1.2 2.2 Runx2 12393 3.5 -5.3
AB041806 58213 2.6 -4.1 Efemp1 216616 -4.8 -1.7 Med1 19014 1.9 3.8 Runx3 12399 21.2 10.7
Abat 268860 -6.4 -9.4 Efhc1 71877 5.4 1.1 Med1 19014 2.5 16.4 Runx3 12399 13.6 37.6
Abca12 74591 1.0 -3.7 Efhd1 98363 2.3 -1.8 Med11 66172 2.1 2.0 Rusc1 72296 -1.0 -2.2
Abca13 268379 2.4 -4.1 Efhd2 27984 3.0 1.6 Med12 59024 1.8 2.5 Rusc2 100213 1.4 -3.0
Abca14 67928 1.2 -2.6 Efna1 13636 -7.1 -1.5 Med12l 329650 -4.5 3.8 Ruvbl1 56505 -2.0 -1.0
Abca15 320631 1.0 -6.2 Efna3 13638 -1.1 -5.7 Med13 327987 -2.2 5.1 Rwdd1 66521 2.1 2.2
Abca5 217265 -6.8 1.4 Efna4 13639 -2.7 -2.2 Med13 327987 2.0 -9.9 Rwdd1 66521 2.2 3.3
Abca5 217265 -3.2 1.3 Efna5 13640 -4.9 -1.7 Med13 327987 1.0 4.1 Rwdd4a 192174 1.6 3.1
Abca6 76184 -1.3 -11.2 Efna5 13640 -3.6 -5.1 Med13l 76199 2.1 2.1 Rxfp2 140498 1.1 -9.3
Abca6 76184 -9.5 -3.6 Efnb1 13641 -4.3 -2.0 Med14 26896 2.5 -1.3 Rxfp2 140498 1.3 2.2
Abca7 27403 2.4 2.1 Efnb2 13642 -13.8 -2.9 Med14 26896 1.3 3.0 Rxfp4 242093 2.6 1.1
Abca7 27403 2.8 4.4 Efnb2 13642 -6.7 -4.2 Med14 26896 9.3 13.9 Rxra 20181 -3.1 -3.0
Abca8a 217258 -2.0 -4.9 Efnb3 13643 -2.5 -31.1 Med17 234959 1.2 3.9 Rxra 20181 -3.3 -2.3
Abcb11 27413 1.1 -21.5 Efr3a 76740 -1.2 3.0 Med18 67219 -2.7 -13.6 Rxrg 20183 1.0 -4.1
Abcb6 74104 1.7 -4.2 Efr3a 76740 1.7 3.6 Med19 381379 -1.4 2.5 Rybp 56353 3.0 3.0
Abcb9 56325 -1.7 -3.7 Efs 13644 -9.2 -5.0 Med20 56771 -1.1 2.2 Rybp 56353 14.9 6.3
Abcc1 17250 -1.0 2.5 Efs 13644 -19.7 -11.0 Med23 70208 -1.2 3.0 Ryk 20187 -3.4 -1.5
Abcc3 76408 -2.8 1.0 Eftud1 101592 5.9 15.1 Med23 70208 4.1 5.2 Ryr1 20190 1.2 -4.5
FIG 1 Markers expressed by bladder monocytes/macrophages (M/Ms) and dendtric cells (DCs) in
response to UPEC infection. Microarray analysis of DCs and M/Ms from uninfected and UTI89-infected
wild-type mouse bladders [two experiments each, 5 mouse bladders pooled per group per experiment;
cutoff at at p < 0.05 between 0 hpi and 24 hpi DC samples, or between 0 hpi and 24 hpi M/M samples].
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Abcc4 239273 -4.9 -5.7 Eftud1 101592 2.5 1.9 Med25 75613 -1.0 2.5 Ryr1 20190 2.8 2.4
Abcc4 239273 -4.5 -1.5 Egf 13645 -7.0 1.3 Med26 70625 1.5 4.0 Ryr1 20190 2.4 2.1
Abcc5 27416 1.2 2.6 Egfbp2 13647 1.2 -6.1 Med27 68975 1.3 2.2 S100a1 20193 -2.4 -1.9
Abcc6 27421 1.7 -2.5 Egfl6 54156 -5.0 1.1 Med29 67224 10.2 2.0 S100a14 66166 -3.3 -2.8
Abcc9 20928 5.8 3.7 Egfl8 81701 4.4 -4.5 Med31 67279 1.1 2.3 S100a16 67860 -6.2 -5.3
Abcd1 11666 2.9 5.6 Egflam 268780 -2.3 -1.6 Med7 66213 1.4 2.6 S100a3 20197 3.3 -4.1
Abcd1 11666 3.6 1.2 Egflam 268780 1.5 -21.6 Med9 192191 1.0 2.9 S100a4 20198 2.0 2.0
Abcd2 26874 -1.2 -2.1 Egfr 13649 1.9 -6.2 Mef2a 17258 2.1 2.7 S100a5 20199 -2.0 -5.5
Abcd3 19299 -5.9 1.3 Egfr 13649 -12.5 -2.5 Mef2a 17258 2.5 2.3 S100a6 20200 -2.5 -1.6
Abcd3 19299 -4.2 -2.1 Egfr 13649 -7.1 -1.4 Mef2b 17259 1.4 -12.4 S100a8 20201 38.9 195.6
Abcd3 19299 -6.4 -2.6 Egfr 13649 1.2 -4.9 Mef2b 17259 1.3 -4.5 S100a9 20202 24.6 240.9
Abcd4 19300 -2.2 -4.4 Egfr 13649 -2.2 1.3 Mef2c 17260 12.6 2.1 S100b 20203 1.6 -7.6
Abcf2 27407 2.3 1.6 Egln3 112407 -1.1 16.3 Mef2d 17261 1.7 -3.5 S100g 12309 -1.0 -12.5
Abcg1 11307 1.5 2.6 Egr2 13654 11.7 5.4 Mef2d 17261 2.0 1.2 S100pbp 74648 -2.2 1.4
Abcg3 27405 6.1 2.1 Egr3 13655 2.7 1.8 Mefv 54483 10.7 13.4 S1pr1 13609 -1.6 -3.1
Abcg4 192663 1.1 -3.6 Egr3 13655 12.6 4.6 Meg3 17263 -1.7 -6.3 S1pr2 14739 2.1 1.4
Abcg5 27409 1.5 -4.3 Egr4 13656 -1.4 3.9 Meg3 17263 -1.0 -2.6 S1pr2 14739 6.0 -1.1
Abcg8 67470 1.4 -3.4 Ehbp1 216565 -5.6 1.5 Megf6 230971 3.2 3.1 S1pr2 14739 10.8 2.5
Abhd10 213012 1.4 4.1 Ehbp1 216565 -1.4 -10.2 Megf6 230971 -26.8 -3.9 S1pr3 13610 -1.8 -3.5
Abhd10 213012 -2.2 2.3 Ehbp1l1 114601 3.9 1.7 Megf9 230316 -6.7 -1.7 S1pr5 94226 -1.1 4.3
Abhd13 68904 -4.4 -2.2 Ehd1 13660 3.8 1.7 Megf9 230316 -4.4 1.8 Saa1 20208 -1.0 -4.6
Abhd13 68904 1.7 7.1 Ehd2 259300 2.0 4.7 Meiob 75178 -4.0 -4.0 Saa2 20209 1.2 -38.9
Abhd14a 68644 -1.0 -6.2 Ehd2 259300 -4.1 -7.8 Meis1 17268 -4.9 -2.0 Saa3 20210 7.5 4.6
Abhd14b 76491 -11.9 -2.9 Ehd3 57440 -3.3 -2.5 Meis2 17536 -2.8 -1.2 Saa4 20211 1.1 -7.4
Abhd15 67477 14.7 3.8 Ehf 13661 -7.9 -9.7 Meis3 17537 1.4 -3.3 Sac3d1 66406 1.9 2.8
Abhd15 67477 2.9 -1.7 Ehf 13661 -6.1 -6.9 Memo1 76890 1.2 5.7 Sacm1l 83493 1.9 2.7
Abhd16b 241850 1.5 -4.8 Ehf 13661 -14.1 -3.2 Memo1 76890 10.5 1.4 Safb2 224902 1.9 4.3
Abhd17b 226016 1.5 3.7 Ehhadh 74147 -9.4 -2.8 Memo1 76890 -2.7 2.7 Sag 20215 8.0 -6.4
Abhd17b 226016 -2.1 4.8 Eid1 58521 2.0 1.4 Memo1 76890 3.3 -8.4 Sall3 20689 -3.5 -1.3
Abhd17c 70178 1.1 2.3 Eid3 66341 3.3 2.5 Men1 17283 -4.5 1.5 Sall4 99377 2.1 -3.2
Abhd5 67469 3.4 3.9 Eif1a 13664 -2.2 1.6 Meox1 17285 -2.4 -6.0 Samd10 229011 1.0 -2.8
Abhd6 66082 -10.6 -5.2 Eif1a 13664 1.1 5.4 Meox1 17285 -2.7 -5.0 Samd12 320679 -13.4 -4.5
Abi1 11308 10.6 -1.6 Eif1ad 69860 2.7 1.4 Mep1a 17287 1.4 -9.0 Samd4 74480 -7.0 -10.3
Abi2 329165 -1.1 2.8 Eif1ad 69860 1.3 -3.4 Mep1b 17288 1.0 -2.1 Samd4 74480 -2.4 -4.5
Abi2 329165 -2.0 3.7 Eif2a 229317 1.2 5.1 Mepe 94111 1.7 -3.5 Samd8 67630 3.1 6.8
Abi3 66610 8.1 4.7 Eif2ak1 15467 -1.1 2.7 Mertk 17289 7.7 1.0 Samd8 67630 2.4 13.8
Abi3bp 320712 -1.5 -5.1 Eif2ak1 15467 2.0 2.9 Mesdc1 80889 1.0 -4.8 Samd8 67630 1.3 2.2
Abl2 11352 4.0 -1.3 Eif2ak2 19106 1.7 8.5 Mesdc1 80889 3.0 2.3 Samd9l 209086 2.7 1.1
Ablim1 226251 -2.4 -1.3 Eif2ak3 13666 4.2 1.2 Mesp1 17292 1.4 -2.9 Samhd1 56045 1.3 4.7
Ablim1 226251 -1.7 -5.3 Eif2ak4 27103 1.1 3.5 Mesp2 17293 2.2 -10.4 Samhd1 56045 2.4 2.1
Ablim1 226251 -4.5 -1.9 Eif2ak4 27103 2.8 -1.3 Met 17295 -1.3 5.9 Samsn1 67742 10.1 8.3
Ablim1 226251 -1.2 -24.3 Eif2b5 224045 4.4 -1.6 Metap1d 66559 1.2 2.2 Sap18 20220 -5.8 1.1
Ablim2 231148 -1.9 -10.0 Eif2d 16865 -2.0 2.0 Metap2 56307 -1.1 2.1 Sap30 60406 1.9 3.9
Ablim2 231148 -3.0 1.4 Eif2d 16865 -1.0 3.9 Metap2 56307 1.7 2.5 Sap30bp 57230 1.6 5.1
Ablim3 319713 -1.4 -3.4 Eif2s2 67204 2.9 4.0 Metrn 70083 2.0 -1.0 Sapcd1 78376 -2.3 -4.8
Ablim3 319713 -16.9 -1.1 Eif3a 13669 -1.0 4.4 Metrn 70083 3.2 -1.3 Sapcd1 78376 -1.3 -6.3
Ablim3 319713 -1.2 -4.1 Eif3a 13669 1.7 4.5 Metrnl 210029 3.5 4.0 Sarm1 237868 2.7 -1.1
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Abo 80908 1.8 -3.4 Eif3b 27979 -1.3 2.6 Metrnl 210029 3.0 1.9 Sarnp 66118 1.6 4.0
Abr 109934 6.1 5.8 Eif3c 56347 2.0 5.1 Mettl1 17299 1.6 2.6 Sars2 71984 2.6 -2.5
Abracl 73112 3.1 2.2 Eif3d 55944 1.8 -4.4 Mettl13 71449 1.0 -4.0 Sart1 20227 1.6 2.3
Abt1 30946 -1.0 7.8 Eif3f 66085 -2.5 -1.7 Mettl14 210529 5.8 2.0 Sash3 74131 4.5 2.6
Abtb2 99382 15.4 17.0 Eif3j1 78655 -1.3 3.2 Mettl15 76894 4.7 1.2 Sass6 72776 1.2 -2.7
Abtb2 99382 2.7 10.9 Eif3j1 78655 1.2 2.2 Mettl16 67493 -1.0 4.9 Sat1 20229 1.2 2.1
Acaa1a 113868 -2.5 -2.2 Eif4e 13684 1.5 3.5 Mettl17 52535 3.1 1.6 Sat2 69215 -2.8 1.4
Acaa1a 113868 -3.0 -1.4 Eif4e2 26987 9.1 4.5 Mettl2 52686 -2.9 -1.2 Satb1 20230 -7.0 -3.4
Acaa1b 235674 -3.1 -1.6 Eif4e3 66892 2.4 1.2 Mettl20 320204 -7.4 1.9 Satl1 73809 1.0 -18.4
Acaa2 52538 -3.6 -2.1 Eif4e3 66892 1.1 2.4 Mettl20 320204 -5.3 -1.5 Sav1 64010 1.9 8.2
Acaca 107476 -1.4 3.9 Eif4enif1 74203 2.3 10.1 Mettl20 320204 -5.8 2.8 Sav1 64010 1.7 2.1
Acaca 107476 -1.4 2.4 Eif4g1 208643 -1.5 -4.3 Mettl21a 67099 1.1 -3.6 Sbf2 319934 -3.0 4.4
Acacb 100705 -1.3 -8.3 Eif4g2 13690 -1.1 3.2 Mettl23 74319 1.1 3.1 Sbno1 243272 1.1 10.6
Acacb 100705 -3.4 -4.8 Eif4g3 230861 2.1 1.1 Mettl4 76781 -3.7 1.2 Sbno1 243272 2.7 1.1
Acad11 102632 -4.6 1.5 Eif5 217869 1.6 3.1 Mettl5 75422 -1.3 4.5 Sbno1 243272 -1.1 5.3
Acad8 66948 -1.0 2.2 Eif5a2 208691 2.8 1.9 Mettl5 75422 1.1 2.2 Sbno2 216161 5.3 3.7
Acad9 229211 -3.3 1.5 Eif5b 226982 -1.4 2.5 Mettl5os 100329140 5.8 -5.3 Sbno2 216161 5.7 3.5
Acadl 11363 -2.4 -1.1 Eif6 16418 8.0 6.0 Mettl6 67011 1.3 3.1 Sbpl 638345 2.4 -2.2
Acadsb 66885 -2.4 3.8 Elac1 114615 1.5 4.4 Mettl6 67011 2.1 7.3 Sbsn 282619 -2.2 -1.3
Acan 11595 -1.1 -11.2 Elac2 68626 2.1 1.5 Mettl7a1 70152 -2.0 -4.5 Sc5d 235293 -2.4 1.8
Acap3 140500 1.3 -3.3 Elavl1 15568 2.1 4.0 Mettl7a1 70152 -1.3 2.4 Scaf1 233208 2.4 1.1
Acbd3 170760 1.2 2.2 Elavl1 15568 1.2 3.2 Mettl7a2 393082 -9.2 -1.9 Scaf11 72193 1.2 2.5
Acbd3 170760 1.6 4.8 Elavl3 15571 1.6 -13.3 Mettl7b 71664 -1.6 -18.3 Scaf4 224432 1.0 2.2
Acbd4 67131 -3.8 -2.4 Elavl4 15572 1.0 7.9 Mex3a 72640 -7.4 -1.2 Scaf4 224432 1.9 5.9
Acbd6 72482 -2.6 -1.1 Elf1 13709 1.4 4.3 Mex3b 108797 2.2 3.9 Scaf8 106583 1.7 3.0
Accsl 381411 2.0 3.8 Elf2 69257 -1.2 -3.4 Mex3b 108797 1.5 2.4 Scamp1 107767 3.6 8.8
Ace 11421 -6.3 -1.3 Elf3 13710 -5.2 1.1 Mex3d 237400 1.4 -3.9 Scamp5 56807 -4.5 -3.2
Ace2 70008 -14.8 -1.6 Elf4 56501 2.4 2.4 Mfap2 17150 1.8 -5.4 Scamp5 56807 -4.0 -2.4
Acer1 171168 1.2 -3.7 Elf4 56501 1.8 3.4 Mfap3 216760 3.4 2.3 Scap 235623 -3.1 -1.7
Acer2 230379 -24.6 -7.0 Elf5 13711 -5.2 -1.9 Mfap3l 71306 -24.1 -2.1 Scaper 244891 -1.2 5.0
Acer3 66190 2.1 9.1 Elfn1 243312 1.6 -2.7 Mfap3l 71306 -38.1 -7.8 Scaper 244891 -3.3 3.1
Acer3 66190 2.7 3.3 Elk4 13714 -2.1 1.1 Mfap3l 71306 -28.3 -3.3 Scaper 244891 -3.1 -3.4
Ache 11423 -1.2 -5.3 Elk4 13714 3.0 3.4 Mfap3l 71306 -18.4 -1.2 Scara3 219151 -2.1 -2.1
Acin1 56215 2.2 2.1 Ell2 192657 2.6 7.9 Mfap4 76293 1.6 -6.2 Scara5 71145 -3.1 -8.5
Ackr1 13349 18.2 -4.4 Ell2 192657 6.3 11.9 Mfge8 17304 -2.7 -4.3 Scarf1 380713 1.1 2.2
Ackr4 252837 -3.6 -2.3 Elmo1 140580 3.4 1.6 Mfi2 30060 -2.0 -9.9 Scarf2 224024 -1.2 -6.1
Acmsd 266645 -1.0 -35.7 Elmo1 140580 1.6 3.5 Mfn1 67414 -1.9 2.2 Scd2 20250 -1.9 2.1
Acnat2 209186 1.0 -2.0 Elmo1 140580 2.6 3.2 Mfsd1 66868 3.8 1.8 Scd3 30049 -2.9 -9.9
Aco1 11428 2.6 -2.2 Elmo2 140579 2.0 2.6 Mfsd4 213006 -5.2 -3.1 Scel 64929 -2.8 -2.2
Aco2 11429 1.3 -2.7 Elmo2 140579 2.0 7.2 Mfsd4 213006 -9.5 -7.5 Scfd1 76983 -1.6 4.5
Acot1 26897 -16.7 -6.8 Elmo3 234683 1.4 2.6 Mfsd6l 215723 1.7 2.1 Scfd1 76983 1.0 5.3
Acot10 64833 1.7 2.1 Elmo3 234683 -6.4 -3.1 Mfsd7a 243197 -1.0 5.7 Scfd1 76983 2.7 14.9
Acot3 171281 1.1 -6.9 Elmod1 270162 1.1 -5.8 Mfsd7b 226844 3.0 6.6 Scfd2 212986 1.7 2.8
Acot4 171282 -1.4 -14.4 Elmod3 232089 -2.4 1.2 Mfsd7b 226844 3.7 1.9 Scgb1a1 22287 1.2 2.7
Acot5 217698 -1.1 -8.0 Elovl4 83603 -9.5 -7.5 Mfsd8 72175 -3.5 9.7 Scgb3a1 68662 -1.3 -3.5
Acot6 217700 -5.5 -7.8 Elovl6 170439 -5.2 -1.3 Mfsd8 72175 5.5 1.7 Scgb3a2 117158 -1.0 -10.8
Acot6 217700 -2.3 -4.4 Elovl7 74559 -6.1 -1.3 Mfsd8 72175 1.7 2.7 Scimp 327957 15.0 3.0
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Acox1 11430 -4.2 -1.4 Elp4 77766 -1.9 6.4 Mfsd9 211798 -8.7 -1.7 Sclt1 67161 -2.3 3.2
Acoxl 74121 9.9 1.5 Elp4 77766 -3.7 -1.2 Mfsd9 211798 -3.9 1.2 Scml2 107815 1.0 -4.8
Acp2 11432 5.3 5.6 Elp5 54351 1.1 2.4 Mga 29808 1.0 3.0 Scn10a 20264 1.1 -21.2
Acp2 11432 2.7 1.2 Emb 13723 4.2 2.3 Mga 29808 2.0 2.1 Scn1b 20266 1.5 -2.7
Acp2 11432 3.7 1.7 Emb 13723 4.2 3.8 Mgat3 17309 -20.1 -4.8 Scn2b 72821 -1.2 -2.4
Acp5 11433 6.8 15.6 Emb 13723 3.8 3.7 Mgat3 17309 -9.6 -4.9 Scn3b 235281 -14.4 -1.3
Acp6 66659 -2.0 -1.2 Emc1 230866 1.5 -2.1 Mgat4a 269181 1.0 2.1 Scn3b 235281 1.3 2.9
Acpp 56318 -3.6 -1.5 Emc1 230866 2.7 2.9 Mgat5 107895 -1.7 17.9 Scn4a 110880 1.1 -9.8
Acr 11434 -1.1 -3.3 Emc3 66087 -2.1 1.1 Mgea5 76055 2.2 1.7 Scn5a 20271 -1.1 -10.6
Acsl1 14081 1.0 2.9 Emc8 18117 1.4 2.0 Mgea5 76055 -1.3 3.2 Scn7a 20272 1.9 2.1
Acsl1 14081 1.0 6.1 Emc8 18117 -1.4 -2.5 Mgea5 76055 1.4 7.9 Scn8a 20273 3.1 3.4
Acsl3 74205 -6.7 2.2 Emid1 140703 -21.1 -5.6 Mgll 23945 -4.1 -2.8 Scn8a 20273 -1.5 -4.1
Acsl4 50790 1.4 2.5 Emilin1 100952 6.8 1.2 Mgme1 74528 -2.1 2.7 Scnn1a 20276 -1.3 4.8
Acsl6 216739 2.1 1.6 Emilin2 246707 4.8 2.6 Mgmt 17314 1.1 -4.9 Scnn1b 20277 -12.4 -6.2
Acsl6 216739 -1.1 -12.1 Emilin2 246707 4.4 2.3 Mgmt 17314 1.4 -2.2 Scnn1g 20278 -16.9 -4.1
Acsm1 117147 1.0 -3.0 Emilin3 280635 5.3 -10.9 Mgst1 56615 -10.5 -3.3 Sco1 52892 -1.3 4.2
Acsm2 233799 1.0 -13.7 Emilin3 280635 -3.0 -14.1 Mgst1 56615 -7.1 -4.0 Sco1 52892 1.2 10.3
Acss2 60525 -4.4 1.1 Eml4 78798 2.6 5.0 Mgst2 211666 -30.6 -7.3 Scp2 20280 -2.7 -1.5
Acss2 60525 -3.0 -1.2 Eml5 319670 -1.0 2.1 Mgst3 66447 -6.2 -5.2 Scp2d1 66328 1.8 3.5
Acss2 60525 -2.9 -1.2 Eml5 319670 -5.9 1.2 Mgst3 66447 -5.8 -4.8 Scrn1 69938 -7.7 1.1
Acss3 380660 1.0 -11.2 Eml5 319670 -5.8 2.8 Mgst3 66447 -17.9 -1.2 Scrn1 69938 -1.9 -3.7
Acta1 11459 -5.5 -6.4 Eml6 237711 -7.8 5.0 Mia 12587 1.0 -33.8 Scrn2 217140 -1.8 -5.5
Acta2 11475 -4.9 -2.6 Emp2 13731 -9.1 -5.7 Mib1 225164 3.8 1.2 Scrn3 74616 -3.3 -1.6
Actc1 11464 -3.6 -1.9 Emp3 13732 2.1 1.1 Mib2 76580 -1.8 -2.5 Scrt1 170729 -2.7 -4.5
Actg1 11465 2.2 2.2 Emx1 13796 3.5 -3.8 Mical1 171580 2.2 4.6 Sct 20287 3.0 -3.7
Actl11 67722 1.0 -22.0 En2 13799 1.0 -8.2 Mical2 320878 -5.5 1.0 Scube1 64706 1.0 -5.8
Actl6b 83766 -1.8 -2.0 Enah 13800 -6.5 -5.7 Mical3 194401 -1.6 -2.8 Scx 20289 2.5 -5.2
Actl7a 11470 1.2 -3.3 Enah 13800 -7.2 -6.9 Micalcl 100504195 10.4 5.0 Scyl2 213326 -2.5 4.6
Actl9 69481 1.3 -8.3 Enah 13800 -10.5 1.0 Micall1 27008 -8.8 2.3 Scyl2 213326 -3.0 4.4
Actn3 11474 1.4 -4.0 Endog 13804 -2.5 -7.0 Micall1 27008 -3.2 -1.3 Scyl2 213326 1.1 3.5
Actr2 66713 2.5 2.7 Endov 338371 1.8 -3.4 Micu1 216001 -3.2 9.9 Scyl3 240880 7.3 9.0
Actr5 109275 1.3 4.7 Endov 338371 1.1 -9.4 Micu1 216001 -2.0 -2.1 Sdad1 231452 -1.1 -2.9
Actr8 56249 -1.4 -3.3 Enho 69638 -11.9 -14.9 Mid1 17318 2.9 2.0 Sdad1 231452 3.5 6.5
Actrt2 73353 1.4 -7.1 Enkd1 102124 1.4 -6.6 Mid1 17318 2.2 1.7 Sdc2 15529 -7.7 -1.6
Actrt3 76652 2.1 7.7 Enkd1 102124 1.2 3.1 Mid1ip1 68041 -2.3 -2.3 Sdc3 20970 2.4 1.1
Acvr1 11477 -1.5 -2.8 Eno1 13806 1.9 3.1 Mid2 23947 -1.5 -12.7 Sdc3 20970 2.0 -1.0
Acvr1c 269275 1.0 -4.2 Eno4 226265 -1.5 -3.5 Mief1 239555 3.2 2.1 Sdc3 20970 2.4 1.2
Acvr2a 11480 2.2 2.4 Enoph1 67870 1.0 2.1 Mief1 239555 -1.1 -7.6 Sdc4 20971 -2.3 1.2
Acvr2a 11480 1.6 5.4 Enpp2 18606 -5.8 -3.7 Mief1 239555 1.1 2.8 Sdcbp 53378 2.5 1.9
Acvr2a 11480 -3.3 6.2 Enpp4 224794 -5.0 -1.7 Mief2 237781 1.2 3.9 Sdcbp 53378 3.6 21.2
Acvr2b 11481 -2.3 -2.0 Enpp4 224794 -5.6 -2.4 Mien1 103742 -2.5 1.1 Sdccag8 76816 3.0 2.9
Acy1 109652 1.1 4.2 Enpp5 83965 -6.9 -6.4 Mier1 71148 1.4 3.0 Sdccag8 76816 1.9 5.9
Acy3 71670 -6.6 -1.8 Ensa 56205 2.1 2.2 Mier1 71148 -5.9 5.8 Sdccag8 76816 3.2 4.5
Acyp1 66204 -3.2 -1.0 Enthd1 383075 2.9 -1.1 Mier2 70427 1.2 2.4 Sdha 66945 1.5 -2.4
Acyp2 75572 -8.4 1.3 Enthd1 383075 3.2 -3.4 Mier3 218613 -1.1 -2.8 Sdhaf2 66072 4.6 5.3
Adad2 75773 1.1 -3.8 Entpd1 12495 2.3 -1.1 Miip 28010 1.1 -2.2 Sdk2 237979 1.1 -6.0
Adal 75894 4.9 1.5 Entpd1 12495 3.4 1.6 Mink1 50932 -1.0 -5.4 Sdpr 20324 -7.4 -5.8
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Adal 75894 1.7 17.4 Entpd2 12496 -3.5 -3.6 Minpp1 17330 11.2 2.8 Sdr39u1 654795 -5.1 -2.6
Adam10 11487 2.0 2.0 Entpd3 215446 -3.9 -2.1 Mios 252875 -1.8 4.4 Sdr42e1 74032 -8.1 -6.1
Adam11 11488 1.7 -5.5 Entpd4 67464 -2.7 -1.2 Miox 56727 1.0 -4.7 Sds 231691 -1.0 -3.3
Adam11 11488 -1.1 -17.4 Entpd4 67464 -1.3 -2.1 Mip 17339 8.0 3.4 Sebox 18292 1.4 -7.3
Adam17 11491 2.0 1.8 Entpd5 12499 -7.2 -3.9 Mipol1 73490 -18.7 1.1 Sec1 56546 1.9 -4.4
Adam17 11491 2.2 1.9 Entpd6 12497 -3.0 -1.3 Mipol1 73490 -12.2 -1.4 Sec11c 66286 1.9 2.3
Adam18 13524 1.1 -23.2 Entpd6 12497 -6.6 -1.0 Mipol1 73490 -34.3 -13.3 Sec14l2 67815 1.2 -3.2
Adam19 11492 3.3 -1.0 Entpd7 93685 3.1 1.4 Mipol1 73490 -51.7 -5.2 Sec14l3 380683 -14.5 -11.4
Adam19 11492 4.4 1.1 Entpd7 93685 -1.4 -10.3 Mipol1 73490 -4.5 2.1 Sec14l3 380683 1.1 -2.8
Adam19 11492 2.4 -1.6 Eogt 101351 -1.0 2.3 Mir22hg 100042498 2.2 -2.4 Sec14l3 380683 3.2 -1.3
Adam1b 280667 2.0 -1.1 Ep300 328572 2.4 3.6 Mis18a 66578 2.6 -1.5 Sec16a 227648 1.1 2.1
Adam2 11495 1.6 2.8 Ep300 328572 3.8 1.5 Mis18a 66578 2.6 3.5 Sec16b 89867 -1.1 -3.2
Adam23 23792 -2.0 -4.5 Ep300 328572 -1.1 3.0 Mis18bp1 217653 1.4 -3.0 Sec22a 317717 -4.5 4.5
Adam23 23792 -3.1 3.1 Ep400 75560 1.3 2.5 Misp 78906 -1.3 -8.0 Sec22a 317717 -3.3 1.4
Adam26a 13525 -1.3 -13.6 Epas1 13819 -2.8 -2.6 Mitd1 69028 -9.0 -1.4 Sec22a 317717 -2.7 -1.1
Adam26a 13525 -6.8 -27.1 Epas1 13819 -3.5 -2.3 Mitd1 69028 1.1 3.6 Sec22b 20333 2.1 2.5
Adam28 13522 -10.0 -1.4 Epb4.1 269587 1.3 -2.6 Mitf 17342 5.9 9.9 Sec22c 215474 2.3 3.7
Adam28 13522 -7.2 -4.8 Epb4.1 269587 -4.2 1.5 Mitf 17342 3.2 4.4 Sec23b 27054 1.9 3.8
Adam28 13522 -25.1 -2.5 Epb4.1l2 13822 6.4 3.0 Mki67 17345 2.2 1.1 Sec24a 77371 2.6 4.3
Adam28 13522 -11.4 -18.8 Epb4.1l2 13822 3.5 4.2 Mki67 17345 5.6 1.2 Sec24a 77371 2.3 3.2
Adam3 11497 1.3 -18.1 Epb4.1l2 13822 3.7 6.4 Mkln1 27418 -1.3 7.4 Sec24b 99683 1.4 4.3
Adam30 71078 1.6 -3.3 Epb4.1l2 13822 6.3 3.9 Mkln1 27418 2.6 3.0 Sec24b 99683 1.8 2.2
Adam32 353188 2.4 -2.2 Epb4.1l2 13822 5.3 3.2 Mkln1 27418 -1.2 5.8 Sec24d 69608 1.7 2.4
Adam33 110751 2.9 2.3 Epb4.1l3 13823 -10.9 -3.2 Mkln1 27418 1.2 4.1 Sec31b 240667 3.4 5.1
Adam33 110751 -1.1 -4.0 Epb4.1l4a 13824 -3.1 -2.0 Mknk1 17346 3.3 1.1 Sec61a2 57743 -1.0 6.8
Adam33 110751 -4.6 -1.2 Epb4.1l4a 13824 -2.7 -2.7 Mknk1 17346 2.9 1.2 Sec62 69276 -1.8 4.0
Adam4 11498 1.0 3.2 Epb4.1l4b 54357 -7.3 -5.9 Mknk1 17346 7.8 1.3 Sec62 69276 -1.2 4.8
Adam6a 238406 1.0 -3.3 Epc1 13831 3.5 10.3 Mkx 210719 1.9 -5.5 Sec63 140740 -3.0 1.9
Adam8 11501 6.6 8.3 Epc1 13831 1.7 23.9 Mlana 77836 1.4 -3.5 Sec63 140740 -6.8 -1.3
Adam9 11502 2.9 1.5 Epc2 227867 1.9 2.6 Mlec 109154 -1.2 2.8 Secisbp2 75420 2.3 2.6
Adamdec1 58860 -4.3 -1.7 Epcam 17075 -13.3 -6.7 Mlec 109154 -1.2 3.1 Sectm1b 58210 -2.0 -23.6
Adamts10 224697 6.6 4.3 Epg5 100502841 6.7 11.5 Mlh3 217716 -2.2 3.1 Sel1l 20338 1.5 2.4
Adamts10 224697 3.6 -3.1 Epha10 230735 -1.6 2.1 Mlkl 74568 1.9 11.4 Sel1l3 231238 -6.0 1.4
Adamts14 237360 2.9 -3.7 Epha3 13837 1.1 -16.0 Mllt1 64144 -1.2 -4.5 Sele 20339 -8.0 1.6
Adamts19 240322 1.0 -2.5 Epha4 13838 -3.3 -13.6 Mllt3 70122 -2.7 1.1 Selenbp1 20341 -2.3 -4.3
Adamts2 216725 1.8 2.5 Epha5 13839 -1.0 -2.1 Mllt3 70122 -3.5 -1.0 Selenbp2 20342 -2.3 -4.2
Adamts20 223838 1.1 -15.5 Epha6 13840 1.1 -3.6 Mllt3 70122 -2.7 -1.2 Sell 20343 5.0 21.9
Adamts20 223838 1.4 -4.5 Ephb1 270190 -2.2 -6.7 Mllt4 17356 -2.4 1.5 Selm 114679 -1.6 -3.3
Adamts3 330119 1.1 -8.2 Ephb2 13844 -7.5 -3.6 Mllt4 17356 -1.1 2.6 Selp 20344 3.2 -1.3
Adamts3 330119 1.9 -7.6 Ephb2 13844 -2.2 -5.6 Mllt4 17356 -2.8 3.5 Selplg 20345 2.7 1.3
Adamts4 240913 1.1 -3.1 Ephb3 13845 -5.0 -10.7 Mllt6 246198 3.1 1.9 Selplg 20345 3.0 1.2
Adamts5 23794 -1.4 -4.0 Ephb6 13848 -10.7 -4.6 Mlph 171531 -2.3 1.0 Sema3a 20346 -2.3 -1.1
Adamts5 23794 -4.8 1.6 Ephx1 13849 -5.7 -4.5 Mlx 21428 6.3 1.9 Sema3c 20348 -5.3 -23.8
Adamts7 108153 1.0 -3.2 Ephx1 13849 -8.6 -8.2 Mlx 21428 2.8 3.9 Sema3e 20349 1.0 -7.0
Adamts9 101401 -14.3 1.0 Ephx2 13850 -5.6 -1.7 Mlxipl 58805 3.2 -15.3 Sema3e 20349 1.0 -8.2
Adamtsl1 77739 -1.9 -2.9 Epm2a 13853 -4.0 -5.2 Mlxipl 58805 4.1 -1.4 Sema3f 20350 -12.6 -4.0
Adamtsl1 77739 -1.0 -2.2 Epm2aip1 77781 8.1 -2.1 Mmaa 109136 -6.2 1.6 Sema3f 20350 -17.6 -2.7
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Adamtsl2 77794 1.1 -3.7 Epn2 13855 -7.1 -1.1 Mmab 77697 -2.9 1.4 Sema3g 218877 -22.7 -2.9
Adamtsl3 269959 1.2 -12.3 Epn2 13855 -2.6 -33.1 Mmd 67468 5.2 3.2 Sema4c 20353 2.5 -4.5
Adamtsl4 229595 3.7 6.3 Eprs 107508 1.8 2.3 Mmd 67468 2.6 1.7 Sema4c 20353 -2.5 -2.1
Adamtsl5 66548 -2.0 -4.3 Eprs 107508 -1.5 2.2 Mmel1 27390 1.1 -3.1 Sema4d 20354 3.9 1.6
Adamtsl5 66548 -4.4 -1.8 Eps15l1 13859 1.5 2.6 Mmgt1 236792 -2.7 -1.4 Sema4d 20354 8.4 59.3
Adap1 231821 4.5 1.2 Eps8l2 98845 -2.9 -4.3 Mmgt1 236792 -2.2 1.2 Sema4g 26456 -79.8 -12.2
Adap1 231821 4.0 1.7 Epsti1 108670 4.3 1.1 Mmgt2 216829 -3.2 -1.3 Sema5a 20356 -2.5 1.3
Adap2 216991 4.5 -1.2 Epsti1 108670 4.3 1.3 Mmp11 17385 -17.2 -12.6 Sema5a 20356 -9.1 1.0
Adar 56417 2.9 1.9 Ept1 28042 -1.8 2.8 Mmp14 17387 4.3 9.6 Sema5b 20357 1.2 -5.7
Adar 56417 1.2 3.2 Epx 13861 1.8 -7.8 Mmp14 17387 11.7 13.5 Sema5b 20357 -1.1 -6.4
Adarb1 110532 2.6 -7.5 Epyc 13516 1.0 -6.6 Mmp15 17388 -10.0 -1.4 Sema6a 20358 1.7 3.6
Adarb1 110532 -3.4 -7.3 Erap1 80898 2.7 5.8 Mmp16 17389 -4.9 -1.0 Sema6a 20358 -2.5 -5.2
Adat1 30947 1.3 -7.6 Erbb2 13866 -3.4 -9.0 Mmp17 23948 -1.3 -6.6 Sema6b 20359 1.4 -2.7
Adat1 30947 -2.6 -6.3 Erbb2ip 59079 -1.0 7.7 Mmp19 58223 17.2 4.9 Sema6c 20360 1.8 -17.4
Adat1 30947 1.3 -5.0 Erbb2ip 59079 -1.7 7.0 Mmp23 26561 -5.4 -2.2 Sema6d 214968 1.5 -6.0
Adat3 100113398 2.0 -4.1 Erbb3 13867 -2.3 -1.2 Mmp24 17391 -2.1 -2.1 Sema6d 214968 -1.2 -4.4
Adck3 67426 -6.7 -2.0 Erbb3 13867 -2.0 -2.5 Mmp25 240047 31.3 1.5 Senp2 75826 -1.0 3.7
Adck4 76889 1.7 2.4 Erbb3 13867 -7.7 -2.2 Mmp28 118453 -13.9 -1.6 Senp2 75826 1.0 2.4
Adck5 268822 1.4 2.3 Erbb3 13867 -24.0 -6.5 Mmp28 118453 -17.4 1.8 Senp3 80886 1.2 2.1
Adcy1 432530 1.3 -3.3 Erbb3 13867 -5.6 -1.3 Mmp8 17394 40.6 8.1 Senp6 215351 -2.3 4.2
Adcy1 432530 1.4 -11.7 Erbb4 13869 1.4 -2.0 Mmrn1 70945 -23.8 -3.6 Senp6 215351 -1.0 2.8
Adcy3 104111 1.3 -2.8 Erc1 111173 -5.8 -1.7 Mms19 72199 1.5 11.0 Senp6 215351 -1.1 5.0
Adcy3 104111 -1.3 -4.2 Ercc2 13871 2.2 -1.2 Mms19 72199 1.2 2.2 Senp6 215351 -1.2 3.2
Adcy5 224129 1.4 -8.1 Ercc3 13872 -1.3 4.6 Mnda 381308 2.9 2.1 Senp7 66315 1.1 2.5
Adcy7 11513 4.3 1.8 Ercc4 50505 -2.1 5.1 Mns1 17427 -2.7 -13.5 Senp7 66315 -5.0 3.3
Adcy7 11513 2.1 1.8 Ercc6 319955 -1.5 -4.0 Mob1a 232157 2.4 1.7 Senp7 66315 -5.0 1.1
Adcyap1 11516 1.2 -28.8 Ercc6 319955 -3.7 -1.4 Mob1b 68473 -1.4 3.3 Senp8 71599 -6.2 -1.3
Adcyap1r1 11517 -1.1 -6.6 Ercc6l 236930 1.1 -8.7 Mob1b 68473 1.8 3.5 Senp8 71599 1.2 -5.3
Adcyap1r1 11517 2.6 -4.2 Ercc6l2 76251 -5.8 -1.3 Mob2 101513 -1.6 -2.0 Sepsecs 211006 3.8 3.3
Add2 11519 1.0 -4.4 Ercc8 71991 -1.1 -5.2 Mob3a 208228 2.0 1.3 Sept1 54204 1.9 2.0
Add2 11519 -3.2 1.0 Ereg 13874 -1.3 -10.8 Mob3a 208228 3.6 -2.4 Sept10 103080 -3.1 6.8
Add2 11519 -1.1 -3.2 Ergic1 67458 -2.6 -1.9 Mob3b 214944 1.2 -2.6 Sept11 52398 3.1 -1.2
Adh1 11522 -13.7 -9.5 Ergic2 67456 -1.2 6.4 Mob4 19070 1.5 2.0 Sept12 71089 2.3 -11.1
Adh1 11522 -12.2 -9.9 Ergic2 67456 -1.3 4.4 Mob4 19070 -2.3 -1.6 Sept4 18952 -6.1 -1.8
Adh1 11522 -15.0 -1.3 Erh 13877 -1.1 2.5 Mobp 17433 1.3 -4.7 Sept5 18951 -6.2 -1.8
Adh4 26876 1.8 -7.6 Eri1 67276 2.7 1.7 Mocos 68591 1.1 2.1 Sept6 56526 -1.8 -4.5
Adh7 11529 -24.8 -13.6 Eri2 71151 7.4 2.1 Mocos 68591 1.9 14.5 Sept6 56526 -1.2 5.4
Adi1 104923 -8.1 1.5 Eri2 71151 3.0 -8.3 Mocs1 56738 -3.3 -1.4 Sept6 56526 1.5 2.5
Adipoq 11450 -15.4 -21.3 Erich6 545527 -1.3 2.6 Mocs2 17434 -2.8 -1.2 Sept8 20362 -2.3 -1.2
Adipor1 72674 4.4 2.9 Erlec1 66753 8.1 1.4 Mocs2 17434 -2.1 -1.5 Sept8 20362 1.1 -2.7
Adipor2 68465 -5.4 -4.1 Erlin2 244373 -1.6 2.5 Mocs3 69372 1.1 3.1 Serac1 321007 4.8 -3.3
Adipor2 68465 -2.2 -1.5 Erlin2 244373 -2.2 3.6 Mogat2 233549 1.9 -6.7 Serbp1 66870 1.1 2.9
Adipor2 68465 -3.4 -1.1 Ermap 27028 -2.0 -4.2 Mok 26448 1.5 -2.1 Sergef 27414 3.4 1.2
Adm 11535 -7.3 -1.2 Ermard 381062 2.0 4.7 Mok 26448 1.4 -4.7 Serinc2 230779 -7.5 -3.6
Adm2 223780 1.5 -3.1 Ermard 381062 -1.7 2.0 Mon1a 72825 1.1 -2.8 Serinc3 26943 -1.7 -2.8
Adnp 11538 -2.9 1.6 Ermard 381062 -4.9 -1.4 Morc2b 240069 1.0 -24.2 Serinc5 218442 -7.1 -1.3
Adnp 11538 -2.7 1.5 Ermp1 226090 -6.3 -2.7 Morc3 338467 1.2 6.9 Serinc5 218442 -4.5 -1.1
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Adnp2 240442 -1.1 4.2 Ermp1 226090 -4.1 -3.0 Morc3 338467 3.1 4.7 Serpina10 217847 3.2 -1.8
Ado 211488 2.1 6.3 Ermp1 226090 -6.0 -3.2 Morn3 74890 5.0 -1.8 Serpina11 380780 1.6 -10.8
Adora1 11539 -4.5 -4.2 Ern1 78943 2.5 1.6 Morn4 226123 -1.2 -7.0 Serpina1c 20702 1.4 -4.4
Adora1 11539 -16.2 -8.7 Ern2 26918 -1.9 -2.4 Morn5 75495 2.2 -4.8 Serpina3c 16625 1.0 -5.1
Adora1 11539 -6.0 -10.7 Ero1l 50527 4.7 7.1 Mos 17451 -1.7 -3.4 Serpina3k 20714 2.2 -7.6
Adora2a 11540 4.4 -1.8 Ero1l 50527 8.6 12.9 Mospd2 76763 2.5 5.2 Serpina3m 20717 16.8 -5.7
Adora2b 11541 2.3 13.9 Ero1lb 67475 1.8 3.9 Mospd2 76763 1.5 2.7 Serpina3n 20716 3.4 35.6
Adora3 11542 1.1 -7.5 Ero1lb 67475 8.6 6.3 Mov10 17454 2.1 1.3 Serpina4-ps1 321018 2.5 -10.5
Adora3 11542 2.4 -1.2 Erp44 76299 1.2 2.0 Mov10l1 83456 -1.3 -3.8 Serpina4-ps1 321018 1.4 3.0
Adpgk 72141 3.4 2.1 Erp44 76299 2.2 1.8 Moxd2 194357 1.5 3.4 Serpina5 268591 1.0 -3.0
Adprh 11544 2.4 2.0 Erv3 71995 -2.2 -7.9 Mpc2 70456 -2.0 1.1 Serpina7 331535 1.3 -2.6
Adprh 11544 1.9 7.0 Esam 69524 -5.6 -6.9 Mpdu1 24070 -2.0 -2.1 Serpina9 71907 1.1 -84.3
Adprh 11544 2.0 2.1 Esco1 77805 -1.3 4.2 Mpdz 17475 -4.1 -1.1 Serpinb10 241197 9.5 4.7
Adprhl1 234072 1.2 -4.6 Esco1 77805 10.2 5.2 Mpdz 17475 -4.8 1.3 Serpinb11 66957 2.2 5.7
Adra1a 11549 1.6 -4.8 Esco1 77805 -4.8 6.7 Mpeg1 17476 3.4 2.6 Serpinb1c 380839 1.4 -2.1
Adra1b 11548 -3.3 -10.8 Esf1 66580 2.9 3.9 Mpeg1 17476 4.3 3.7 Serpinb2 18788 1.0 4.2
Adra1d 11550 1.2 -2.8 Esm1 71690 1.1 -6.2 Mphosph10 67973 2.0 -3.5 Serpinb2 18788 1.0 5.5
Adra2a 11551 3.0 -6.7 Espn 56226 -4.1 -2.5 Mphosph10 67973 2.9 4.7 Serpinb3c 381286 -1.4 -7.5
Adra2b 11552 3.1 -9.2 Espn 56226 -1.6 -3.9 Mphosph8 75339 -1.5 8.7 Serpinb5 20724 -6.5 -1.0
Adrb1 11554 1.2 -3.9 Espnl 227357 1.1 -3.2 Mphosph9 269702 1.0 -2.1 Serpinb6a 20719 3.1 1.2
Adrb1 11554 -1.1 -4.5 Esr1 13982 -3.5 -4.4 Mphosph9 269702 -10.2 1.1 Serpinb6b 20708 2.8 -1.1
Adrb3 11556 -6.9 -7.9 Esr1 13982 -4.4 -1.5 Mplkip 66308 -1.5 2.9 Serpinb6c 97848 -2.3 -6.9
Adrbk1 110355 3.2 1.8 Esr2 13983 1.8 -2.3 Mplkip 66308 -2.1 5.3 Serpinb9 20723 -2.5 3.3
Adrbk1 110355 2.0 1.6 Esrp2 77411 -2.3 -1.7 Mpo 17523 -1.3 -4.9 Serpinb9e 20710 1.6 -4.3
Adrbk2 320129 1.7 2.7 Esrp2 77411 -6.5 -9.6 Mpp2 50997 -2.0 -21.1 Serpinc1 11905 3.0 -10.4
Adrbk2 320129 2.6 2.4 Esrrb 26380 1.1 -4.1 Mpp7 75739 -15.3 -1.4 Serpinc1 11905 -2.1 -2.0
Adrbk2 320129 7.5 21.7 Esrrb 26380 1.7 -25.6 Mpp7 75739 -5.8 1.0 Serpinf1 20317 -1.1 -4.1
Adss 11566 -2.6 1.7 Esrrg 26381 1.0 -2.7 Mpped2 77015 -21.7 -1.7 Serpinf2 18816 -1.0 -5.3
Adss 11566 1.1 2.8 Esyt1 23943 2.1 1.8 Mpped2 77015 -15.8 -19.8 Serping1 12258 -2.4 -1.1
Adssl1 11565 2.9 4.4 Esyt2 52635 1.1 7.3 Mpst 246221 -2.7 -26.0 Serpini2 67931 1.0 -2.6
Adtrp 109254 -6.8 -5.2 Esyt2 52635 2.2 -1.3 Mpv17 17527 -2.0 -3.0 Sertm1 329641 1.1 -2.9
Aebp1 11568 -5.0 -5.2 Esyt3 272636 -7.6 -2.7 Mpz 17528 1.4 -11.0 Sesn2 230784 2.4 3.4
Aebp2 11569 1.6 2.4 Esyt3 272636 -9.0 -6.4 Mpzl1 68481 -4.4 1.0 Sesn3 75747 -4.6 -3.9
Aen 68048 -1.4 2.2 Etaa1 68145 1.0 -3.8 Mpzl2 14012 -8.0 -6.2 Sesn3 75747 -9.6 -2.7
AF067063 380878 1.1 -2.2 Etd 69501 1.2 -3.3 Mpzl2 14012 -12.8 -10.0 Sestd1 228071 16.5 1.4
AF067063 380878 -1.0 -15.4 Etf1 225363 -1.3 5.0 Mpzl3 319742 -2.4 -1.5 Sestd1 228071 7.2 5.1
AF251705 140497 3.7 3.4 Etf1 225363 2.9 5.7 Mpzl3 319742 -1.1 -6.7 Sestd1 228071 -1.2 8.5
AF251705 140497 2.5 2.3 Ethe1 66071 1.1 2.8 Mr1 15064 -5.2 -1.6 Set 56086 -10.0 1.7
Afap1 70292 1.3 -3.3 Etl4 208618 -5.3 -1.3 Mr1 15064 -6.0 -1.9 Set 56086 1.4 2.3
Afap1 70292 -1.1 -13.0 Etl4 208618 -13.5 -4.6 Mrap 77037 1.0 -3.5 Setd1b 208043 3.8 5.4
Afap1l2 226250 -4.6 -1.2 Etl4 208618 -3.1 -11.2 Mras 17532 -5.9 -4.2 Setd3 52690 1.7 3.7
Aff1 17355 5.5 -6.7 Etnk1 75320 -1.2 2.5 Mras 17532 -4.5 -3.4 Setd4 224440 -1.6 5.1
Aff3 16764 1.2 -4.5 Etnk1 75320 1.9 2.9 Mras 17532 -1.5 -3.3 Setd5 72895 -2.7 1.7
Aff4 93736 -1.8 2.9 Etnk2 214253 1.7 -6.4 Mrc2 17534 2.7 -4.6 Setd6 66083 -1.4 2.4
Aff4 93736 -3.5 5.3 Etohd2 13996 1.5 7.4 Mre11a 17535 -2.5 1.2 Setd7 73251 -2.7 -1.5
Afg3l1 114896 3.8 -1.2 Ets1 23871 -3.2 -2.5 Mreg 381269 -17.3 -3.5 Setd7 73251 -2.6 -1.2
Afg3l1 114896 1.5 3.1 Ets1 23871 -2.5 -1.6 Mrgpra2b 235712 36.0 2.8 Setd7 73251 -2.1 -1.1
187
Afg3l1 114896 -1.5 3.0 Ets1 23871 -3.8 -1.4 Mrgpre 244238 -2.4 -6.1 Setd8 67956 1.7 3.3
Afg3l2 69597 3.9 3.8 Etv3 27049 2.4 2.3 Mrgprf 211577 1.9 -4.5 Setdb2 239122 -1.1 -3.9
Afm 280662 -4.2 1.0 Etv3 27049 5.0 9.0 Mrgprg 381974 -1.4 -6.3 Setmar 74729 -1.6 -17.0
Afmid 71562 3.8 3.0 Etv4 18612 -1.8 -2.6 Mrgprh 80978 1.1 -3.8 Setx 269254 -1.3 3.3
Aftph 216549 1.4 7.0 Etv5 104156 2.1 2.7 Mrm1 217038 -1.0 2.8 Sez6l 56747 1.0 -5.1
Agap1 347722 -1.1 5.3 Eva1b 230752 3.2 1.3 Mrm1 217038 12.1 4.9 Sez6l 56747 1.8 -7.0
Agap1 347722 1.6 4.2 Eva1c 70967 -7.9 -1.2 Mroh1 223658 4.1 2.8 Sez6l2 233878 1.0 -2.0
Agap2 216439 2.2 1.4 Evc 59056 1.0 -30.6 Mroh7 381538 -1.3 -2.5 Sf1 22668 1.4 3.0
Agap2 216439 8.0 2.1 Evc 59056 2.3 1.0 Mrpl1 94061 1.2 3.9 Sf1 22668 8.3 3.5
Agap3 213990 -2.8 -2.2 Evc2 68525 1.1 -7.5 Mrpl1 94061 1.9 4.3 Sf1 22668 2.3 1.6
Agap3 213990 -1.3 -3.2 Evi2a 14017 2.9 1.3 Mrpl1 94061 -1.5 4.0 Sf3a1 67465 1.7 2.1
Agbl1 244071 -2.0 -1.4 Evi2a-evi2b 101488212 2.8 2.1 Mrpl10 107732 1.2 -2.1 Sf3a1 67465 -3.7 13.4
Agbl2 271813 -1.0 -15.1 Evi2a-evi2b 101488212 3.6 3.0 Mrpl18 67681 1.0 2.4 Sf3b3 101943 1.4 2.1
Agbl5 231093 -2.5 -2.6 Evi2a-evi2b 101488212 8.0 1.8 Mrpl18 67681 -1.4 2.3 Sf3b3 101943 -3.2 8.9
Ager 11596 1.2 -5.6 Evpl 14027 -3.2 -6.2 Mrpl19 56284 2.0 4.2 Sf3b5 66125 1.4 -3.6
Agfg1 15463 3.8 2.3 Evpl 14027 -8.9 -7.7 Mrpl27 94064 -1.0 -2.4 Sfmbt1 54650 -2.2 2.5
Agfg2 231801 -1.2 -2.1 Evx1 14028 4.2 -15.9 Mrpl37 56280 1.2 2.1 Sfmbt1 54650 4.7 2.7
Agl 77559 -1.4 2.4 Evx2 14029 1.2 -2.7 Mrpl38 60441 -1.4 22.1 Sfmbt2 353282 1.3 -2.2
Agmat 75986 -1.8 -14.2 Exd1 241624 -26.6 -1.6 Mrpl43 94067 1.6 2.1 Sfn 55948 -4.8 -3.8
Agmo 319660 -3.5 -15.1 Exo5 73172 -2.4 1.1 Mrpl44 69163 -4.1 -1.9 Sfn 55948 -5.0 -4.0
Ago1 236511 2.4 1.3 Exoc1 69940 -2.2 1.2 Mrpl47 74600 -1.2 2.3 Sfpq 71514 1.4 2.7
Ago1 236511 -3.1 2.0 Exoc1 69940 1.7 7.1 Mrpl47 74600 4.6 1.1 Sfswap 231769 1.0 2.5
Ago2 239528 2.0 3.1 Exoc2 66482 1.6 7.4 Mrpl49 18120 -1.8 2.0 Sfswap 231769 -1.2 3.8
Ago3 214150 1.0 3.1 Exoc3 211446 3.4 6.5 Mrpl50 28028 -1.7 3.6 Sft2d1 106489 1.6 3.2
Ago3 214150 3.6 3.3 Exoc3 211446 2.6 3.0 Mrpl52 68836 -1.0 -8.7 Sft2d3 67158 -7.1 5.0
Ago3 214150 2.2 1.8 Exoc3l 277978 -7.1 -2.0 Mrpl52 68836 2.0 5.9 Sft2d3 67158 -4.5 -3.2
Ago4 76850 -2.4 -2.4 Exoc3l2 74463 -1.1 -5.2 Mrps14 64659 1.1 2.3 Sftpb 20388 2.7 1.8
Agpat3 28169 -2.4 -1.7 Exoc4 20336 3.7 1.6 Mrps17 66258 4.1 1.6 Sfxn1 14057 -1.0 -2.2
Agpat3 28169 -1.5 -3.2 Exoc4 20336 -3.3 1.5 Mrps2 118451 -1.3 -11.0 Sfxn2 94279 3.4 1.9
Agpat4 68262 2.3 4.1 Exoc5 105504 2.5 10.5 Mrps22 64655 -1.2 2.0 Sfxn4 94281 3.0 -1.9
Agpat4 68262 2.4 4.0 Exoc5 105504 1.5 2.3 Mrps27 218506 -4.3 -2.7 Sfxn4 94281 -1.1 -8.0
Agpat5 52123 3.5 -9.0 Exoc6 107371 1.8 2.2 Mrps6 121022 -2.0 -1.2 Sfxn5 94282 6.6 12.0
Agpat6 102247 -2.3 1.4 Exoc6 107371 1.3 3.5 Mrps9 69527 -1.4 -2.6 Sfxn5 94282 7.1 12.7
Agpat6 102247 2.5 3.5 Exoc6b 75914 -2.4 1.0 Mrps9 69527 -1.2 3.6 Sgca 20391 -3.6 -1.8
Agps 228061 2.1 3.3 Exog 208194 -3.4 4.4 Mrps9 69527 -1.2 3.5 Sgce 20392 -5.6 -6.4
Agrn 11603 -2.4 -1.0 Exosc1 66583 1.5 3.0 Mrrf 67871 -2.3 2.2 Sgce 20392 -5.8 -3.2
Agrn 11603 -3.3 -2.0 Exosc2 227715 1.3 -7.0 Mrrf 67871 -2.1 1.3 Sgcg 24053 1.4 -17.9
Agrp 11604 -1.6 2.3 Exosc3 66362 -1.0 3.4 Mrs2 380836 -1.1 2.5 Sgcz 244431 1.0 -4.9
Agt 11606 3.0 -4.4 Exosc4 109075 -1.1 -2.5 Ms4a14 383435 3.5 2.6 Sgk1 20393 2.8 8.1
Agtpbp1 67269 4.2 3.6 Exosc5 27998 2.7 1.9 Ms4a4b 60361 3.3 1.5 Sgk1 20393 1.1 2.2
Agtr1a 11607 -1.6 -3.8 Exosc7 66446 -2.2 1.2 Ms4a4b 60361 4.6 5.7 Sgk2 27219 -2.8 -7.3
Agtr1b 11608 1.0 -5.3 Exph5 320051 -7.7 -2.5 Ms4a4b 60361 2.4 9.0 Sgk3 170755 4.1 1.6
Agtrap 11610 1.2 -2.4 Extl1 56219 -4.2 -4.2 Ms4a4b 60361 6.6 13.1 Sgk3 170755 3.4 -1.1
Agxt 11611 1.3 -3.3 Extl1 56219 1.8 -7.2 Ms4a4c 64380 5.9 9.1 Sgms2 74442 9.6 13.1
Ahctf1 226747 -1.1 4.6 Eya1 14048 -4.7 -1.8 Ms4a4c 64380 11.0 11.7 Sgol1 72415 -2.4 -1.9
Ahctf1 226747 4.9 5.0 Eya1 14048 1.0 -8.2 Ms4a4d 66607 4.8 9.5 Sgol2 68549 -3.6 -1.6
Ahcyl1 229709 -1.6 3.7 Eya3 14050 5.9 3.1 Ms4a4d 66607 -1.4 -5.8 Sgpl1 20397 -2.1 1.0
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Ahcyl1 229709 -1.4 11.3 Ezh2 14056 -7.3 4.5 Ms4a6b 69774 3.3 2.2 Sgpp1 81535 2.2 -1.2
Ahcyl2 74340 2.5 4.4 Ezr 22350 -2.6 -1.1 Ms4a6c 73656 5.2 2.7 Sgpp2 433323 1.3 -3.0
Ahcyl2 74340 -4.6 -1.0 F10 14058 20.8 43.0 Ms4a6d 68774 7.0 4.1 Sgsm1 52850 -2.3 -2.7
Ahcyl2 74340 -3.3 1.7 F11 109821 1.0 -3.9 Ms4a6d 68774 6.8 2.4 Sgsm1 52850 -9.9 -1.1
Ahcyl2 74340 -2.9 -1.3 F11r 16456 -2.1 1.4 Ms4a7 109225 3.7 -1.1 Sgsm2 97761 -1.4 -2.9
Ahdc1 230793 1.6 6.5 F2r 14062 -3.6 -1.4 Ms4a7 109225 3.3 -1.2 Sgta 52551 1.1 -2.5
Ahnak 66395 -2.7 -1.9 F2rl1 14063 -26.6 -2.4 Ms4a8a 64381 4.2 1.1 Sh2b2 23921 5.2 2.1
Ahsa2 268390 -1.3 2.2 F2rl2 14064 -1.4 4.9 Msantd2 235184 8.2 5.8 Sh2d1b1 26904 10.9 6.2
AI118078 244886 1.2 -3.5 F7 14068 3.4 2.4 Msantd3 66665 -3.0 -1.4 Sh2d2a 27371 -1.4 -4.9
AI314180 230249 -1.3 3.4 F730043M19Rik 320046 2.1 -1.5 Msgn1 56184 1.1 -18.9 Sh2d4a 72281 -13.1 -3.9
AI314180 230249 -1.2 2.4 F830004M19Rik 320224 11.2 24.4 Msh2 17685 -2.9 -1.5 Sh2d6 71130 1.1 -5.5
AI317395 215929 1.3 -7.8 F830010H11Rik 319450 1.0 -2.7 Msh3 17686 6.5 -3.5 Sh3bgrl2 212531 -8.3 -6.0
AI504432 229694 1.1 4.3 F830045P16Rik 228592 1.8 -6.7 Msh5 17687 4.5 1.3 Sh3bp1 20401 3.2 2.0
AI504432 229694 2.7 12.4 F9 14071 1.0 -2.8 Msh5 17687 -3.0 -1.1 Sh3bp2 24055 26.2 5.3
AI593442 330941 -2.3 1.2 Faah 14073 -1.6 -2.1 Msh5 17687 -1.5 -3.9 Sh3bp4 98402 1.3 -2.0
AI597479 98404 -1.1 4.6 Fabp2 14079 3.9 1.6 Msi1 17690 -1.2 -7.1 Sh3bp5l 79566 1.4 3.7
AI607873 226691 3.9 1.6 Fabp3 14077 -1.2 -2.1 Msi2 76626 -4.2 -2.5 Sh3d19 27059 -3.5 -1.7
AI607873 226691 9.5 1.8 Fabp4 11770 -6.0 -3.3 Msi2 76626 -3.2 -2.0 Sh3d19 27059 -4.7 -3.6
AI661453 224833 -10.0 -5.9 Fabp4 11770 -4.9 -2.2 Msi2 76626 -6.7 -2.3 Sh3d19 27059 -6.6 -3.7
AI662270 100043636 6.0 3.7 Fabp4 11770 -7.2 -1.4 Msl1 74026 2.2 1.4 Sh3gl1 20405 2.2 -1.1
AI835086 105896 1.1 -3.4 Fabp9 21884 -3.7 -1.5 Msl1 74026 1.3 2.3 Sh3gl2 20404 -45.5 -1.9
AI839979 100740 4.7 13.3 Fads1 76267 -4.7 -4.2 Msln 56047 -8.5 -11.6 Sh3gl2 20404 -15.3 -26.1
AI842136 102596 -3.6 2.9 Fads2 56473 -5.3 -6.5 Mslnl 328783 1.3 -19.6 Sh3gl2 20404 -33.3 1.1
AI846148 68229 1.1 -3.5 Fads3 60527 -1.1 3.6 Msmo1 66234 -2.3 1.0 Sh3gl3 20408 -4.0 -5.0
AI848285 435145 3.7 -4.6 Fads6 328035 3.1 1.0 Msn 17698 4.9 4.9 Sh3glb1 54673 1.8 2.0
AI853363 98471 -4.7 -1.1 Faf1 14084 -2.2 2.5 Msn 17698 8.4 5.4 Sh3glb2 227700 -2.9 -1.6
AI853502 103875 9.4 3.5 Faf2 76577 -1.8 4.8 Msn 17698 3.0 2.0 Sh3glb2 227700 -3.6 -1.8
AI987944 233168 -1.8 2.2 Fah 14085 -11.0 -6.4 Msr1 20288 23.4 3.5 Sh3kbp1 58194 2.1 3.7
Aida 108909 2.1 1.6 Fahd2a 68126 -1.9 -3.8 Msr1 20288 10.5 3.2 Sh3pxd2b 268396 3.6 1.2
Aif1 11629 2.6 1.5 Fahd2a 68126 -8.9 1.2 Msr1 20288 4.6 4.4 Sh3rf1 59009 -3.6 2.1
Aif1 11629 4.9 2.5 Faim 23873 2.2 -1.0 Msrb1 27361 2.4 2.1 Sh3rf1 59009 -3.0 1.3
Aifm1 26926 1.0 6.3 Faim2 72393 1.1 -2.5 Msrb2 76467 -4.7 -2.7 Sh3rf2 269016 -1.1 -3.1
Aifm2 71361 2.4 2.4 Faim3 69169 -4.8 -1.2 Msrb3 320183 -2.7 -7.4 Sh3rf3 237353 1.7 -5.3
Aig1 66253 -3.0 2.0 Fam101a 73121 -3.6 -1.5 Mst1 15235 -4.5 -4.5 Sh3tc1 231147 2.1 1.1
Aig1 66253 -2.7 -2.0 Fam101b 76566 -21.9 -6.7 Msx1 17701 2.4 -3.2 Sh3tc2 225608 -11.6 1.2
Aim1l 230806 -4.1 -2.1 Fam102a 98952 -3.4 -1.3 Msx2 17702 -7.2 -7.9 Sh3yl1 24057 -12.6 -2.6
Aipl1 114230 1.0 -3.0 Fam105a 223433 4.4 3.8 Msx3 17703 1.7 -3.0 Shank1 243961 1.4 -3.4
Aipl1 114230 1.9 -10.0 Fam107a 268709 1.0 -13.2 Mt1 17748 7.8 1.2 Shank3 58234 -4.0 -5.6
Aipl1 114230 -1.4 -5.2 Fam109a 231717 -1.8 -2.0 Mt4 17752 1.9 -2.0 Shbg 20415 -2.2 -3.0
Aire 11634 1.2 -2.4 Fam109b 338368 2.4 -1.1 Mta3 116871 -1.3 3.7 Shc2 216148 -1.7 -4.4
Airn 104103 -3.9 -1.2 Fam110b 242297 -2.5 1.1 Mtap7d3 320923 4.6 -1.7 Shc3 20418 1.5 -3.9
Airn 104103 -2.0 -1.0 Fam110c 104943 -22.7 -1.8 Mtbp 105837 3.8 -1.4 Shc4 271849 1.1 -2.7
Ajap1 230959 1.5 -5.2 Fam110c 104943 -8.6 -3.4 Mtcl1 68617 -5.1 -1.6 Shcbp1 20419 1.8 3.7
Ajuba 16475 -10.1 -5.3 Fam114a1 68303 11.9 4.2 Mtcl1 68617 -4.5 1.0 Shcbp1l 71836 1.1 2.7
AK010878 100233175 1.4 5.4 Fam115a 77574 -10.7 -2.6 Mtcl1 68617 -3.0 -5.1 Shd 20420 1.4 -9.9
AK129341 234915 -6.7 -1.3 Fam115c 232748 -6.6 -1.1 Mterfd1 66410 2.3 3.8 Shf 435684 -2.4 -7.7
Ak2 11637 1.5 2.4 Fam117a 215512 7.3 3.2 Mterfd2 69821 2.1 1.2 Shh 20423 -11.4 -7.2
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Ak3 56248 -2.6 -1.9 Fam117b 72750 1.1 2.5 Mtf1 17764 4.7 7.8 Shisa7 232813 1.2 -7.3
Ak4 11639 -9.1 -5.1 Fam117b 72750 2.1 -1.2 Mtf2 17765 1.6 2.5 Shisa9 72555 2.0 2.3
Ak5 229949 -6.6 -3.9 Fam120c 207375 9.2 2.0 Mtfmt 69606 1.4 4.6 Shisa9 72555 -1.6 -5.3
Ak9 633979 1.0 -3.0 Fam122b 78755 -1.7 -2.5 Mtfp1 67900 -1.1 -2.1 Shmt1 20425 -3.7 -6.0
Akap1 11640 -4.8 -1.2 Fam126a 84652 1.2 3.8 Mtfr2 71804 -1.1 4.0 Shmt1 20425 -1.1 2.1
Akap10 56697 -1.2 2.9 Fam129a 63913 2.5 1.7 Mtfr2 71804 -3.5 -6.7 Shoc2 56392 -1.1 2.0
Akap10 56697 -1.3 2.7 Fam129a 63913 2.7 2.4 Mthfd1 108156 1.3 2.6 Shoc2 56392 -1.3 2.7
Akap10 56697 1.0 3.1 Fam131c 277743 -3.5 1.2 Mthfd1l 270685 1.5 4.9 Shpk 74637 -5.9 -1.2
Akap11 219181 -1.5 3.1 Fam132b 227358 1.9 2.6 Mthfd2 17768 7.3 5.9 Shpk 74637 -7.2 1.1
Akap11 219181 1.5 4.2 Fam134b 66270 2.5 1.0 Mthfd2l 665563 -6.1 1.6 Shprh 268281 -1.3 2.3
Akap13 75547 3.3 1.0 Fam134b 66270 3.5 3.3 Mthfr 17769 3.9 -1.1 Shprh 268281 2.6 2.6
Akap13 75547 2.7 3.0 Fam135a 68187 -3.2 -1.5 Mthfr 17769 2.9 1.2 Shq1 72171 -2.3 -2.5
Akap13 75547 2.2 1.1 Fam13a 58909 -7.3 -9.3 Mthfr 17769 16.6 2.5 Shroom1 71774 -8.5 -10.9
Akap17b 338351 -5.8 -2.4 Fam13b 225358 1.6 3.0 Mthfr 17769 5.5 2.4 Shroom2 110380 -3.1 -4.7
Akap3 11642 1.2 -6.6 Fam13c 71721 1.6 -3.0 Mthfr 17769 2.5 -1.2 Shroom3 27428 -8.2 -2.0
Akap6 238161 -8.3 -105.3 Fam149a 212326 -11.1 -15.5 Mtif2 76784 -1.1 4.3 Shroom3 27428 -2.3 -15.7
Akap6 238161 -2.3 1.0 Fam149b 105428 -7.6 -3.4 Mtif2 76784 3.5 2.7 Shroom4 208431 1.1 -3.3
Akap8 56399 -1.3 2.5 Fam149b 105428 -1.8 5.0 Mtl5 17771 1.4 -2.6 Siae 22619 -3.4 1.0
Akap9 100986 -2.4 1.4 Fam149b 105428 2.7 1.0 Mtm1 17772 13.4 4.6 Siae 22619 -2.2 1.0
Akap9 100986 -2.4 1.7 Fam149b 105428 -3.0 -1.1 Mtm1 17772 5.7 2.0 Siah1a 20437 1.1 4.3
Akap9 100986 -3.9 -1.3 Fam151a 230579 1.2 -2.6 Mtm1 17772 2.1 1.3 Sidt1 320007 -12.1 -4.2
Akip1 57373 -3.1 -1.5 Fam154aos 74888 1.6 -4.5 Mtmr1 53332 -3.9 1.9 Sidt1 320007 -8.0 -3.6
Akip1 57373 -2.8 -1.3 Fam155a 270028 1.0 -6.2 Mtmr10 233315 3.4 2.4 Sidt2 214597 1.6 -3.3
Akirin1 68050 -1.0 2.7 Fam160a1 229488 -10.8 1.2 Mtmr10 233315 3.5 5.8 Sidt2 214597 -1.2 -2.6
Akna 100182 3.7 1.3 Fam160a2 74349 -7.3 1.5 Mtmr11 194126 -2.5 1.0 Sigirr 24058 -1.3 -5.2
Aknad1 329738 -5.4 -6.6 Fam161a 73873 -5.1 -11.8 Mtmr12 268783 2.2 6.3 Siglec1 20612 6.1 -1.0
Aknad1 329738 -1.7 -9.1 Fam161a 73873 -9.8 -2.3 Mtmr14 97287 2.5 3.4 Siglec1 20612 4.0 1.0
Aknaos 66783 13.4 -4.6 Fam161b 217705 1.1 -2.1 Mtmr2 77116 1.9 6.2 Siglece 83382 6.7 1.6
Akp3 11648 1.2 -2.1 Fam162a 70186 -1.4 3.5 Mtmr7 54384 8.0 2.5 Siglecg 243958 3.6 1.1
Akr1b10 67861 -2.1 -1.1 Fam162b 77296 -12.9 -5.9 Mtmr7 54384 3.6 8.8 Siglech 233274 -1.3 -14.1
Akr1b3 11677 -2.1 -2.0 Fam163b 109349 2.7 -7.8 Mtmr9 210376 2.4 1.9 Sik3 70661 2.1 1.2
Akr1b3 11677 -4.0 -2.2 Fam166a 68222 -1.0 -3.6 Mtnr1b 244701 1.6 -3.4 Sik3 70661 1.0 -2.3
Akr1c14 105387 1.0 -2.2 Fam166b 329831 -11.5 6.6 Mto1 68291 1.5 3.7 Sin3a 20466 1.1 2.4
Akr1c19 432720 2.0 -36.1 Fam171a1 269233 -21.2 -9.9 Mto1 68291 2.8 13.1 Sin3b 20467 2.2 -4.3
Akr1c19 432720 -2.3 -2.0 Fam171a2 217219 1.1 -3.7 Mtor 56717 -1.0 3.2 Sipa1 20469 2.4 2.3
Akr1c21 77337 -1.1 -19.8 Fam172a 68675 1.3 3.1 Mtor 56717 3.0 4.7 Sipa1l1 217692 -7.5 -1.4
Akt1s1 67605 1.1 -3.7 Fam173b 68073 -2.1 1.3 Mtpap 67440 1.7 7.2 Sipa1l2 244668 5.3 2.8
Akt3 23797 2.2 -1.3 Fam173b 68073 -1.4 -10.5 Mtpn 14489 1.3 2.1 Sipa1l3 74206 -2.1 1.2
Aktip 14339 -4.8 -1.1 Fam174b 100038347 -7.4 -7.0 Mtr 238505 3.3 1.6 Sirpa 19261 2.9 1.4
Aktip 14339 -11.7 -2.2 Fam175a 70681 3.5 1.8 Mtrf1l 108853 1.1 4.2 Sirpa 19261 5.0 1.7
Alad 17025 -3.4 -1.8 Fam175b 109359 1.3 4.8 Mtrr 210009 1.3 2.3 Sirpa 19261 3.5 1.8
Alas1 11655 4.4 1.5 Fam177a 73385 1.4 10.0 Mtrr 210009 -1.2 6.8 Sirpb1b 668101 4.6 72.5
Alas1 11655 3.6 2.4 Fam177a 73385 -5.3 -7.8 Mtss1l 244654 -4.8 2.8 Sirpb1b 668101 3.0 23.6
Aldh16a1 69748 3.5 1.2 Fam178a 226151 2.1 4.5 Mturn 68235 -5.0 -6.5 Sirt2 64383 2.1 -1.3
Aldh18a1 56454 2.2 -3.8 Fam178a 226151 2.8 2.8 Mturn 68235 1.1 -2.8 Sirt3 64384 -1.0 3.6
Aldh1a1 11668 -8.8 -6.9 Fam178b 381337 1.4 -7.4 Mtus1 102103 -1.5 5.2 Sirt4 75387 -2.5 -11.0
Aldh1a7 26358 -22.4 -1.2 Fam178b 381337 -3.6 -7.5 Mtus1 102103 -1.5 3.0 Sis 69983 1.0 -5.0
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Aldh1b1 72535 6.6 4.5 Fam178b 381337 1.5 -9.6 Mtus2 77521 -1.0 3.9 Sit1 54390 1.9 -13.6
Aldh1l2 216188 1.4 2.5 Fam179a 320159 1.8 -2.2 Mtus2 77521 -2.7 1.4 Six3 20473 2.4 -7.6
Aldh2 11669 -1.1 -2.7 Fam179b 328108 1.0 4.6 Mtx3 382793 -1.9 3.8 Six3 20473 1.1 -5.6
Aldh3a1 11670 -14.0 -26.1 Fam181a 100504156 1.3 -2.1 Muc13 17063 -1.1 -6.3 Six4 20474 -13.0 -1.2
Aldh3b1 67689 3.4 1.5 Fam185a 330050 -2.7 2.0 Muc2 17831 -1.0 -3.8 Six5 20475 -1.6 -5.6
Aldh3b2 621603 -7.6 -5.0 Fam186b 545136 -1.3 -2.2 Muc2 17831 -8.7 -4.1 Skap1 78473 -8.1 -2.8
Aldh3b2 621603 -3.3 -1.9 Fam187a 66784 1.4 -5.0 Muc4 140474 4.4 2.5 Skap2 54353 3.5 2.1
Aldh4a1 212647 -3.5 -1.4 Fam188a 66960 1.4 2.6 Muc4 140474 -1.5 -7.1 Skap2 54353 3.1 1.6
Aldh5a1 214579 -5.9 -2.3 Fam188a 66960 1.1 5.3 Muc4 140474 -1.0 -6.1 Ski 20481 2.6 1.8
Aldh6a1 104776 -12.6 -2.5 Fam188a 66960 1.4 2.6 Muc5ac 17833 1.4 -6.9 Skil 20482 3.1 3.4
Aldh8a1 237320 1.6 -13.2 Fam189a1 70638 1.1 -2.0 Mucl1 20771 1.0 -33.8 Skil 20482 6.6 35.5
Aldoart2 79459 -2.0 -9.6 Fam189b 68521 1.7 5.0 Mug1 17836 2.2 -26.0 Skint2 329919 1.1 -6.0
Aldoart2 79459 1.1 -3.4 Fam189b 68521 -2.2 -1.4 Mug2 17837 1.0 -10.3 Skiv2l 108077 1.3 2.8
Aldob 230163 -1.0 -3.6 Fam192a 102122 1.0 -12.0 Mup2 17841 -1.0 5.6 Skiv2l2 72198 -1.1 2.0
Alg11 207958 -2.6 -1.8 Fam193a 231128 2.0 2.4 Mup3 17842 1.8 -4.3 Skor1 207667 1.0 -15.2
Alg12 223774 2.0 4.0 Fam195b 192173 2.0 -1.3 Mup4 17843 1.1 -6.0 Skp1a 21402 -2.9 -1.1
Alg13 67574 2.7 -4.2 Fam198a 245050 -1.1 -6.8 Mut 17850 1.1 2.7 Skp2 27401 1.7 -4.1
Alg13 67574 1.8 2.6 Fam199x 245622 3.9 4.3 Mutyh 70603 8.5 1.8 Sla 20491 4.0 1.7
Alg14 66789 -2.5 1.3 Fam199x 245622 -1.3 4.1 Mutyh 70603 -3.0 -1.5 Sla 20491 2.6 1.9
Alg2 56737 -2.2 -1.4 Fam19a3 329731 1.5 -2.1 Mutyh 70603 1.1 3.0 Slain2 75991 2.1 4.0
Alg5 66248 -1.0 2.3 Fam19a3 329731 2.1 -8.8 Mvb12b 72543 1.8 3.0 Slain2 75991 1.3 2.5
Alg9 102580 -1.1 -2.3 Fam206a 230234 -1.6 2.5 Mvd 192156 3.0 1.2 Slain2 75991 1.0 5.2
Alg9 102580 1.5 3.1 Fam207a 108707 -2.7 -1.0 Mvp 78388 1.6 2.3 Slamf6 30925 22.5 1.5
Alkbh2 231642 1.9 3.5 Fam207a 108707 -1.7 -2.9 Mx1 17857 3.3 3.7 Slamf6 30925 9.5 13.6
Alkbh5 268420 1.5 2.2 Fam208a 218850 -2.7 8.5 Mx1 17857 8.0 9.8 Slamf7 75345 2.1 -1.0
Alkbh7 66400 2.8 2.0 Fam208a 218850 2.0 5.5 Mx2 17858 2.7 4.4 Slamf7 75345 3.0 -1.2
Alkbh8 67667 -4.1 2.1 Fam208b 105203 1.5 11.1 Mxd1 17119 9.3 3.6 Slamf8 74748 12.6 30.6
Alkbh8 67667 -1.8 3.3 Fam208b 105203 -1.1 3.7 Mxd1 17119 57.1 9.5 Slc10a2 20494 1.0 -4.6
Alms1 236266 -3.0 -1.2 Fam208b 105203 4.0 11.7 Mxd3 17121 3.3 -2.5 Slc10a4 231290 6.6 1.2
Alox12 11684 -12.6 -2.3 Fam20b 215015 -2.4 1.6 Mxra8 74761 -3.7 -1.2 Slc10a4 231290 -1.1 -2.3
Alox12b 11686 -1.4 -7.9 Fam20b 215015 -2.8 1.5 Myadm 50918 2.1 1.2 Slc10a6 75750 -6.7 -2.2
Alox5 11689 1.9 -4.4 Fam20c 80752 8.8 3.2 Myadm 50918 2.8 -1.3 Slc10a7 76775 2.7 2.3
Alox5ap 11690 3.3 1.5 Fam21 28006 2.9 1.8 Myadml2 68515 -4.2 1.6 Slc11a1 18173 4.6 1.4
Alox8 11688 -2.2 -1.5 Fam210a 108654 1.2 4.4 Mybpc1 109272 1.0 -2.3 Slc11a2 18174 3.3 4.4
Aloxe3 23801 -3.5 -7.9 Fam210a 108654 -2.7 -1.0 Mybpc3 17868 3.6 -4.4 Slc11a2 18174 3.5 1.3
Alpk1 71481 2.1 1.5 Fam210b 67017 -3.8 -2.3 Mybph 53311 -3.6 -5.6 Slc12a1 20495 -1.8 -7.7
Alpk2 225638 4.3 17.8 Fam212b 109050 -1.2 4.3 Mybph 53311 2.3 -12.0 Slc12a2 20496 -4.5 1.5
Alpl 11647 -9.0 -7.2 Fam213a 70564 -3.7 -2.9 Mybphl 68753 2.0 -12.1 Slc12a4 20498 3.0 3.0
Alppl2 11650 1.3 -8.8 Fam214a 235493 -1.3 -6.2 Mycbp 56309 -4.5 2.4 Slc12a5 57138 2.4 -6.0
Als2 74018 8.5 2.9 Fam214b 230088 -1.1 2.4 Mycbp2 105689 2.1 6.3 Slc12a6 107723 -2.9 4.3
Als2cl 235633 -2.1 -4.6 Fam214b 230088 2.3 1.6 Mycbp2 105689 1.3 9.5 Slc12a7 20499 -3.5 -1.4
Als2cl 235633 -10.3 -3.8 Fam217a 71864 1.1 -2.8 Mycbp2 105689 -1.7 6.0 Slc12a8 171286 -10.6 -1.1
Alx3 11694 1.1 -13.9 Fam217b 71532 4.7 9.7 Mycl 16918 -12.2 -2.8 Slc12a9 83704 2.6 1.6
Alx4 11695 -1.1 -9.4 Fam222b 216971 3.3 2.8 Mycn 18109 9.5 -2.1 Slc13a2 20500 1.6 -7.7
Ambp 11699 22.4 -2.2 Fam227a 75729 1.1 -2.3 Mycs 17870 1.5 -4.8 Slc13a4 243755 1.1 -10.1
Ambra1 228361 1.6 -2.9 Fam227a 75729 -1.3 -5.1 Myd88 17874 3.5 5.3 Slc13a5 237831 5.2 2.6
Amd2 100041585 -2.1 1.1 Fam228b 207921 1.2 -7.1 Myg1 60315 -1.2 -2.3 Slc14a1 108052 -7.2 -3.8
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Amdhd1 71761 1.1 -5.0 Fam229a 68233 1.5 3.1 Myh1 17879 -1.2 -2.2 Slc14a1 108052 -7.4 -5.4
Amelx 11704 1.3 -5.1 Fam24a 68223 -6.6 -1.6 Myh10 77579 -2.2 -4.6 Slc14a2 27411 2.2 -1.8
Amer1 72345 1.7 7.0 Fam25c 69134 -12.4 -3.7 Myh11 17880 -5.6 -4.6 Slc14a2 27411 -1.0 -7.3
Amer2 72125 1.6 -5.4 Fam35a 75698 3.1 2.3 Myh14 71960 -11.3 -5.1 Slc15a2 57738 -1.3 2.4
Amer3 211383 1.0 -4.2 Fam3b 52793 6.0 5.0 Myh2 17882 1.0 -2.1 Slc15a2 57738 -2.9 -12.0
Amica1 270152 9.0 24.9 Fam3c 27999 -2.4 1.2 Myh2 17882 1.8 2.1 Slc15a3 65221 17.3 7.1
Amica1 270152 10.1 11.4 Fam45a 67894 7.4 6.9 Myh3 17883 1.2 -5.5 Slc16a1 20501 -3.0 1.6
Amigo1 229715 -6.2 -4.7 Fam46a 212943 2.2 -1.5 Myh4 17884 1.0 -3.4 Slc16a1 20501 -2.3 -2.1
Amigo1 229715 -1.1 -4.4 Fam46b 100342 -2.7 -1.6 Myh4 17884 4.6 -2.3 Slc16a1 20501 -9.2 -1.2
Amigo3 320844 1.5 -2.7 Fam46c 74645 4.4 6.5 Myh6 17888 -3.8 -9.6 Slc16a10 72472 7.3 2.2
Ammecr1 56068 2.7 4.0 Fam47e 384198 -6.8 -2.8 Myh6 17888 1.3 -3.9 Slc16a10 72472 9.3 1.1
Ammecr1 56068 2.6 3.1 Fam49b 223601 3.1 3.7 Myh9 17886 7.1 4.0 Slc16a11 216867 -1.5 -2.8
Amn 93835 1.3 -2.3 Fam49b 223601 2.3 10.8 Myl12a 67268 1.6 6.8 Slc16a13 69309 -2.5 -1.1
Amn1 232566 -2.7 1.1 Fam49b 223601 3.2 3.5 Myl2 17906 -2.1 -6.5 Slc16a14 71781 -8.7 -1.3
Amn1 232566 -1.1 2.4 Fam49b 223601 2.2 4.5 Myl3 17897 -2.9 -4.9 Slc16a3 80879 7.1 5.4
Amot 27494 4.3 -5.4 Fam50a 108160 2.2 3.1 Myl4 17896 -2.6 -1.3 Slc16a4 229699 -2.6 1.4
Amotl1 75723 -8.1 -1.3 Fam53c 66306 3.6 2.4 Myl7 17898 -1.6 -8.0 Slc16a6 104681 7.6 2.8
Amotl1 75723 -3.3 1.5 Fam57b 68952 1.9 -5.1 Myl9 98932 -3.3 -3.9 Slc16a6 104681 6.7 4.7
Amotl2 56332 -7.1 -1.6 Fam63a 75007 -3.5 1.3 Mylip 218203 -2.9 -1.4 Slc16a7 20503 -2.8 -1.6
Ampd1 229665 1.1 -2.5 Fam63b 235461 -1.8 2.6 Mylip 218203 -2.6 -1.0 Slc16a8 57274 1.3 -2.5
Ampd2 109674 1.8 2.2 Fam65b 193385 22.9 2.2 Mylk 107589 -1.2 -5.8 Slc17a3 105355 1.1 -3.1
Ampd3 11717 1.3 2.1 Fam65b 193385 2.5 2.3 Mylk 107589 -4.7 -2.0 Slc17a4 319848 1.2 -3.0
Amph 218038 -6.5 1.2 Fam65b 193385 2.0 4.0 Mylk 107589 -15.6 -2.9 Slc17a6 140919 1.5 -2.1
Amy1 11722 -10.0 -1.6 Fam65c 69553 6.5 -11.1 Mynn 80732 -1.3 -2.9 Slc17a8 216227 -1.4 -13.0
Amy1 11722 -7.4 -6.3 Fam69a 67266 -1.1 4.8 Myo10 17909 -1.5 -5.5 Slc17a9 228993 1.9 -4.4
Amy2a5 109959 2.9 -3.4 Fam69b 56279 -1.6 -3.8 Myo10 17909 -2.1 -1.2 Slc18a1 110877 2.9 -5.2
Amz1 231842 6.2 6.0 Fam71f1 330277 -1.1 -6.8 Myo15 17910 1.1 -17.1 Slc18a2 214084 4.8 -4.4
Amz2 13929 -2.6 -1.0 Fam72a 108900 10.1 4.7 Myo18b 74376 -3.9 -7.3 Slc18a3 20508 1.3 -2.4
Amz2 13929 -1.2 8.4 Fam73a 215708 -3.8 -1.1 Myo18b 74376 1.0 -2.1 Slc18b1 76306 -10.1 -4.2
Anapc1 17222 -1.2 10.8 Fam73a 215708 -6.1 2.1 Myo19 66196 -1.2 3.3 Slc19a1 20509 1.6 -3.9
Anapc10 68999 -1.1 10.0 Fam73b 108958 -2.4 -17.7 Myo1a 432516 -1.2 -2.8 Slc19a2 116914 1.5 2.6
Anapc11 66156 -1.2 -2.8 Fam76a 230789 2.2 1.5 Myo1a 432516 2.7 -12.0 Slc19a3 80721 -6.6 5.5
Anapc11 66156 -1.1 -2.0 Fam78a 241303 3.8 1.1 Myo1b 17912 -11.1 1.0 Slc1a1 20510 -1.5 -3.9
Anapc15 75430 3.8 -1.2 Fam78a 241303 3.9 1.6 Myo1b 17912 -4.9 -8.8 Slc1a1 20510 1.0 -3.6
Anapc15 75430 3.9 -1.1 Fam81a 76886 -4.6 -2.6 Myo1b 17912 -14.0 -3.6 Slc1a2 20511 -5.0 1.0
Ang 11727 -3.1 -4.7 Fam81a 76886 -2.4 2.2 Myo1c 17913 2.1 2.4 Slc1a3 20512 1.0 2.0
Ang2 11731 -3.0 -3.2 Fam83a 239463 -1.5 -2.0 Myo1d 338367 -6.0 -4.0 Slc1a6 20513 -5.8 -15.5
Ang3 11730 -2.1 -3.4 Fam83a 239463 2.5 -5.0 Myo1e 71602 1.1 2.3 Slc1a7 242607 -1.6 -3.4
Ang4 219033 -2.5 -3.3 Fam83b 208994 -5.3 1.0 Myo1f 17916 4.5 2.3 Slc20a1 20515 3.0 7.1
Ang4 219033 -2.4 -3.5 Fam83e 73813 -2.7 -4.8 Myo1g 246177 3.2 2.1 Slc20a2 20516 -3.5 1.6
Angel2 52477 1.1 2.2 Fam83g 69640 -1.4 -2.3 Myo1h 231646 -1.0 3.0 Slc22a12 20521 -1.3 -3.0
Angpt1 11600 -2.6 3.4 Fam83h 105732 -4.3 -1.8 Myo1h 231646 13.7 -1.1 Slc22a13 102570 1.2 -6.3
Angpt2 11601 -2.7 -1.1 Fam84a 105005 -15.4 -12.0 Myo5a 17918 2.8 -1.0 Slc22a15 242126 -1.3 8.1
Angptl2 26360 -7.3 2.7 Fam84a 105005 -16.8 -13.0 Myo5b 17919 -43.5 -3.4 Slc22a17 59049 -9.4 -3.3
Angptl3 30924 1.4 -4.2 Fam92b 436062 10.0 6.1 Myo5b 17919 -4.5 -1.1 Slc22a17 59049 -6.6 -4.9
Angptl4 57875 -3.0 -4.1 Fam96a 68250 1.1 2.0 Myo5b 17919 -7.8 -1.4 Slc22a18 18400 -5.8 -3.2
Ank1 11733 1.0 -18.9 Fan1 330554 1.4 -4.4 Myo5c 208943 -1.4 -7.2 Slc22a18 18400 -1.8 -3.5
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Ank1 11733 -3.0 -1.2 Fanca 14087 2.4 4.8 Myo5c 208943 -1.3 -9.1 Slc22a19 207151 1.1 -5.9
Ank3 11735 -12.0 -2.3 Fancd2 211651 1.3 2.1 Myo5c 208943 -3.8 2.7 Slc22a20 381203 1.4 -7.5
Ank3 11735 -21.8 -6.2 Fancd2 211651 -3.8 -1.2 Myo6 17920 -10.1 -9.0 Slc22a21 56517 -6.2 1.7
Ankdd1b 271144 -1.7 7.0 Fancg 60534 1.1 2.5 Myo6 17920 -12.1 -3.2 Slc22a23 73102 -10.7 -3.4
Ankef1 319196 -1.8 -20.9 Fancg 60534 1.4 -2.2 Myo7b 17922 1.2 -7.7 Slc22a23 73102 -8.7 -5.1
Ankfy1 11736 2.4 3.2 Fanci 208836 1.1 -4.6 Myo7b 17922 1.0 -3.7 Slc22a29 236293 -2.0 1.2
Ankfy1 11736 2.3 3.5 Fancl 67030 1.6 3.0 Myo9a 270163 -1.1 2.3 Slc22a30 319800 -1.0 -18.4
Ankhd1 108857 -1.4 5.3 Fancm 104806 2.5 -2.3 Myo9a 270163 -1.1 6.1 Slc22a4 30805 7.0 -3.1
Ankhd1 108857 4.7 3.1 Fancm 104806 2.2 5.0 Myo9a 270163 2.8 5.4 Slc22a5 20520 -5.4 -1.2
Ankib1 70797 2.1 1.3 Fank1 66930 1.1 -2.4 Myo9a 270163 2.7 3.3 Slc22a6 18399 1.2 -4.4
Ankib1 70797 1.9 6.1 Fap 14089 -2.6 1.0 Myo9b 17925 3.7 2.4 Slc22a7 108114 1.5 -4.0
Ankle1 234396 1.3 -2.6 Far1 67420 1.1 12.7 Myo9b 17925 3.4 2.1 Slc23a1 20522 -12.9 -2.3
Ankmy2 217473 -2.1 -1.2 Far1 67420 -1.3 14.0 Myoc 17926 -2.0 -44.4 Slc23a2 54338 1.4 2.6
Ankra2 68558 -1.6 2.3 Farp1 223254 -20.5 -2.0 Myod1 17927 1.5 -3.5 Slc23a3 22626 -1.3 -10.0
Ankrd11 77087 1.5 6.1 Farp1 223254 -25.2 -1.4 Myof 226101 -3.6 -1.3 Slc24a2 76376 1.1 -3.3
Ankrd12 106585 4.8 1.7 Farp2 227377 -2.7 -3.1 Myof 226101 -3.3 -1.5 Slc24a4 238384 1.0 -18.3
Ankrd12 106585 -3.4 8.9 Fars2 69955 -1.1 2.1 Myof 226101 -3.9 -1.5 Slc25a10 27376 -2.7 -2.4
Ankrd12 106585 1.8 6.4 Farsa 66590 2.9 1.4 Myom2 17930 -3.2 -2.7 Slc25a16 73132 -1.7 6.6
Ankrd13b 268445 -3.0 -1.1 Farsa 66590 3.2 5.5 Myom3 242702 1.3 -7.2 Slc25a17 20524 -2.3 1.6
Ankrd13c 433667 -2.1 1.9 Fas 14102 1.9 -2.6 Myot 58916 1.3 2.3 Slc25a18 71803 2.4 26.6
Ankrd17 81702 -1.1 2.1 Fas 14102 1.7 12.6 Myoz1 59011 1.1 2.5 Slc25a20 57279 2.0 -1.9
Ankrd17 81702 -1.2 2.2 Fasl 14103 -3.3 -1.3 Myoz2 59006 1.3 -2.6 Slc25a22 68267 1.7 2.6
Ankrd17 81702 1.2 10.0 Fasn 14104 -3.9 -1.3 Myoz3 170947 1.6 -17.1 Slc25a23 66972 -4.3 -2.4
Ankrd2 56642 1.1 -2.9 Fasn 14104 -7.7 -3.3 Mypn 68802 2.2 -5.8 Slc25a24 229731 -2.3 2.1
Ankrd23 78321 1.9 4.7 Fastk 66587 1.9 2.6 Mypop 232934 -1.8 -10.2 Slc25a25 227731 2.9 1.2
Ankrd23 78321 1.5 -4.4 Fastkd1 320720 -3.9 6.1 Myrf 225908 -3.4 -10.0 Slc25a25 227731 8.1 5.2
Ankrd26 232339 1.8 2.1 Fastkd3 69577 -1.2 -3.2 Myrf 225908 -3.7 -5.1 Slc25a27 74011 -2.4 1.4
Ankrd27 245886 -6.3 -1.8 Fastkd5 380601 -1.2 -2.3 Myrip 245049 -2.0 -3.2 Slc25a27 74011 -5.1 -4.0
Ankrd28 105522 -13.7 -1.1 Fat1 14107 -8.2 -3.8 Mysm1 320713 3.9 2.4 Slc25a28 246696 2.3 1.7
Ankrd29 225187 1.2 -2.4 Fat1 14107 -11.6 -2.0 Mysm1 320713 1.3 3.1 Slc25a29 214663 -1.7 -5.9
Ankrd32 105377 2.7 -1.7 Fat1 14107 -3.0 -3.3 Myt1 17932 2.3 -8.2 Slc25a30 67554 5.1 1.8
Ankrd32 105377 1.7 5.1 Fat2 245827 -6.8 -14.2 Mzb1 69816 1.4 -5.2 Slc25a30 67554 2.6 1.8
Ankrd33 208258 1.0 -14.5 Fat3 270120 -4.6 -34.1 Mzf1 109889 2.1 -19.6 Slc25a31 73333 1.0 -5.8
Ankrd33b 67434 15.7 2.4 Fat3 270120 1.6 -9.7 Mzt1 76789 1.8 6.1 Slc25a33 70556 1.2 4.7
Ankrd33b 67434 9.1 4.8 Fat4 329628 -2.5 -5.0 N4bp1 80750 6.8 4.6 Slc25a34 384071 -1.3 -54.0
Ankrd34a 545554 2.2 1.6 Faxc 76132 -6.7 -1.1 N4bp1 80750 6.5 3.5 Slc25a35 71998 -2.1 -2.1
Ankrd35 213121 -1.7 -3.5 Fblim1 74202 4.2 -1.1 N4bp2 333789 4.3 8.3 Slc25a35 71998 -9.4 -1.5
Ankrd36 76389 1.2 -3.0 Fbln1 14114 -4.2 -3.8 N4bp2 333789 -1.0 7.4 Slc25a36 192287 1.2 4.3
Ankrd37 654824 3.5 17.3 Fbln5 23876 -4.5 -1.2 N4bp2l2 381695 -1.1 2.3 Slc25a37 67712 1.9 2.9
Ankrd39 109346 -5.6 2.5 Fbln7 70370 -1.3 -13.6 N6amt1 67768 -2.5 -1.2 Slc25a38 208638 1.3 -7.5
Ankrd42 73845 -1.0 -18.9 Fbn2 14119 2.2 1.2 Naa11 97243 -2.0 1.0 Slc25a40 319653 -2.3 1.1
Ankrd44 329154 2.3 4.8 Fbp1 14121 -24.9 -7.0 Naa15 74838 2.7 4.9 Slc25a41 103775 4.1 1.2
Ankrd44 329154 1.6 3.8 Fbp2 14120 -18.7 -23.2 Naa16 66897 1.1 3.0 Slc25a42 73095 -7.5 -3.9
Ankrd45 73844 1.4 -4.0 Fbrs 14123 1.9 2.0 Naa16 66897 2.1 8.0 Slc25a43 194744 1.7 5.5
Ankrd52 237615 1.5 2.4 Fbrs 14123 1.4 2.7 Naa25 231713 2.9 -1.1 Slc25a44 229517 -1.0 3.1
Ankrd6 140577 -4.1 -1.4 Fbrsl1 381668 -1.1 2.3 Naa30 70646 1.2 5.8 Slc25a46 67453 1.0 -7.4
Ankrd60 70065 1.0 -3.0 Fbxl14 101358 1.4 -2.7 Naa30 70646 2.3 4.4 Slc25a48 328258 -99.7 -13.3
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Anks1b 77531 1.0 -3.1 Fbxl14 101358 2.1 1.2 Naa35 78689 1.3 2.2 Slc26a2 13521 -1.8 3.5
Anks3 72615 1.6 3.6 Fbxl17 50758 -10.8 1.6 Naa35 78689 -1.7 3.7 Slc26a2 13521 -1.2 2.8
Ankzf1 52231 -1.0 2.2 Fbxl17 50758 -2.0 -15.4 Naa40 70999 3.4 1.8 Slc26a5 80979 -3.0 -9.6
Anln 68743 -1.6 -2.7 Fbxl19 233902 -6.0 -3.1 Naa50 72117 -1.6 4.2 Slc26a6 171429 2.9 2.2
Ano1 101772 -8.3 -5.4 Fbxl19 233902 1.0 2.2 Naa60 74763 2.3 -1.3 Slc26a6 171429 1.8 4.1
Ano10 102566 -2.3 1.4 Fbxl2 72179 3.5 10.9 Naaa 67111 2.3 1.8 Slc26a8 224661 -1.4 -7.8
Ano10 102566 -2.2 -1.1 Fbxl20 72194 1.5 4.0 Naaladl2 635702 -1.7 -2.8 Slc26a9 320718 2.2 -7.4
Ano3 228432 1.1 -6.9 Fbxl21 213311 -37.8 -5.0 Nab1 17936 2.1 4.1 Slc27a1 26457 -1.1 -2.6
Ano4 320091 1.0 -4.1 Fbxl22 74165 2.5 -1.1 Nab2 17937 3.9 3.9 Slc27a1 26457 1.9 2.4
Ano6 105722 -2.7 1.1 Fbxl3 50789 -1.8 2.2 Nabp1 109019 -1.3 6.1 Slc27a2 26458 1.0 -7.3
Ano6 105722 -1.4 10.4 Fbxl3 50789 3.1 2.6 Nabp1 109019 -1.5 3.6 Slc27a4 26569 -1.1 -6.5
Ano8 382014 1.8 2.8 Fbxl5 242960 3.8 13.3 Nabp1 109019 3.7 14.1 Slc27a5 26459 -1.3 -16.2
Ano9 71345 -3.0 -6.2 Fbxl5 242960 1.1 7.8 Nacc1 66830 4.0 1.4 Slc28a3 114304 1.0 -7.4
Anp32e 66471 -1.1 2.4 Fbxl5 242960 -2.0 7.5 Nadk2 68646 -3.2 1.0 Slc29a1 63959 -1.0 -2.2
Anp32e 66471 -2.8 2.5 Fbxl6 30840 2.8 1.1 Nadsyn1 78914 4.0 -2.0 Slc29a3 71279 2.4 1.3
Anpep 16790 11.5 1.6 Fbxo11 225055 1.5 2.1 Naif1 71254 -2.5 9.0 Slc29a3 71279 3.6 2.0
Antxr2 71914 2.0 -1.0 Fbxo2 230904 1.8 -2.5 Naip1 17940 8.3 1.7 Slc2a1 20525 1.8 5.6
Antxrl 239029 1.2 -2.6 Fbxo21 231670 -2.7 -2.0 Naip2 17948 4.7 5.0 Slc2a10 170441 3.6 -3.0
Anxa13 69787 1.3 -6.8 Fbxo21 231670 -3.1 -1.3 Naip5 17951 2.6 3.1 Slc2a12 353169 -14.6 -1.1
Anxa2 12306 1.1 3.1 Fbxo24 71176 -2.4 5.3 Naip6 17952 1.4 5.5 Slc2a3 20527 10.8 2.8
Anxa2 12306 1.4 2.6 Fbxo25 66822 -2.5 -1.2 Naip6 17952 1.1 3.3 Slc2a4 20528 -8.6 -8.6
Anxa3 11745 1.4 3.0 Fbxo27 233040 1.7 -19.3 Nampt 59027 3.2 4.7 Slc2a6 227659 21.5 1.1
Anxa6 11749 2.0 1.5 Fbxo28 67948 -1.1 11.6 Nampt 59027 1.8 2.3 Slc2a8 56017 -2.3 -2.3
Anxa6 11749 2.0 2.4 Fbxo28 67948 -1.0 3.0 Nanog 71950 1.0 -3.4 Slc2a9 117591 -1.1 4.0
Anxa7 11750 -3.2 -1.8 Fbxo3 57443 -4.6 1.2 Nanos1 332397 -3.0 1.5 Slc30a1 22782 2.5 1.1
Anxa7 11750 -2.4 1.8 Fbxo30 71865 -2.0 1.6 Nanos3 244551 2.3 -8.3 Slc30a1 22782 1.6 3.4
Anxa7 11750 1.4 -7.1 Fbxo30 71865 1.5 4.3 Nanp 67311 -5.9 4.2 Slc30a2 230810 -3.7 1.3
Anxa8 11752 -9.1 -5.2 Fbxo30 71865 1.8 5.0 Nans 94181 2.1 1.2 Slc30a3 22784 -1.6 -6.9
Aoah 27052 2.6 -1.0 Fbxo32 67731 -1.1 -8.5 Nap1l3 54561 -1.1 -8.0 Slc30a5 69048 -1.0 7.0
Aoah 27052 19.8 3.1 Fbxo33 70611 2.6 1.9 Nap1l5 58243 5.6 -10.8 Slc30a6 210148 1.0 -5.3
Aox1 11761 -21.3 1.5 Fbxo34 78938 1.0 2.2 Napa 108124 1.5 2.5 Slc30a7 66500 -1.1 2.6
Aox3 71724 -132.7 -3.8 Fbxo36 66153 -3.0 -1.6 Napg 108123 4.7 4.0 Slc30a7 66500 1.7 2.2
Ap1ar 211556 -2.7 1.7 Fbxo36 66153 -1.2 -8.1 Naprt1 223646 -2.1 -1.3 Slc30a7 66500 14.1 2.1
Ap1ar 211556 -1.8 3.4 Fbxo38 107035 -1.5 2.3 Napsa 16541 2.4 11.9 Slc30a8 239436 -1.0 -11.2
Ap1g1 11765 8.1 6.8 Fbxo40 207215 -1.2 -2.5 Nars2 244141 -1.1 5.8 Slc31a1 20529 2.7 1.7
Ap1m2 11768 -8.4 -2.4 Fbxo41 330369 1.4 -13.5 Nasp 50927 2.8 2.0 Slc31a1 20529 2.0 1.8
Ap1s2 108012 3.1 1.3 Fbxo41 330369 -8.8 -2.7 Nat10 98956 -1.6 2.4 Slc32a1 22348 3.5 -1.3
Ap1s2 108012 14.3 2.9 Fbxo42 213499 4.1 5.9 Nat14 269854 2.1 -1.2 Slc33a1 11416 -1.0 2.1
Ap1s2 108012 3.8 1.3 Fbxo44 230903 -9.8 -3.9 Nat3 17962 2.4 -6.2 Slc34a3 142681 1.1 -11.4
Ap2a2 11772 3.0 1.0 Fbxo46 243867 1.8 3.5 Nat8 68396 -1.0 -24.2 Slc35a2 22232 1.3 -2.8
Ap2b1 71770 7.5 6.5 Fbxo48 319701 -3.3 1.4 Nat8l 269642 1.4 21.6 Slc35a2 22232 1.9 -3.3
Ap3b2 11775 -6.9 1.2 Fbxo5 67141 -3.0 -3.7 Nav1 215690 3.0 -1.1 Slc35a3 229782 1.4 2.2
Ap3m1 55946 -1.7 2.2 Fbxw11 103583 2.4 5.6 Nbea 26422 2.3 -1.2 Slc35a5 74102 1.1 2.7
Ap3m1 55946 1.7 5.6 Fbxw13 211305 1.0 -11.5 Nbea 26422 3.9 1.5 Slc35a5 74102 -1.2 5.5
Ap3m1 55946 1.4 3.1 Fbxw14 50757 -1.1 -28.7 Nbeal1 269198 -2.1 7.5 Slc35a5 74102 3.8 1.4
Ap3m1 55946 1.0 4.9 Fbxw14 50757 1.1 -5.7 Nbeal1 269198 -2.8 2.5 Slc35b3 108652 3.1 -1.0
Ap3s1 11777 1.5 2.2 Fbxw15 382105 2.6 -1.6 Nbeal1 269198 -4.5 1.6 Slc35b4 58246 3.7 1.1
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Ap3s1 11777 2.5 4.2 Fbxw19 235612 1.0 -6.5 Nbeal2 235627 -1.2 -4.0 Slc35c1 228368 1.5 2.3
Ap3s2 11778 1.3 5.3 Fbxw2 30050 1.0 2.2 Nbl1 17965 -5.7 -4.6 Slc35c2 228875 2.4 1.6
Ap4e1 108011 3.9 2.9 Fbxw21 320082 -1.0 -7.0 Nbn 27354 -5.0 3.8 Slc35d1 242585 -2.7 -1.1
Ap4e1 108011 -1.2 4.0 Fbxw22 382156 -9.2 -8.2 Nbr1 17966 -3.1 -1.3 Slc35d2 70484 2.4 2.0
Ap4e1 108011 3.0 1.3 Fbxw26 382109 -1.3 -14.6 Ncald 52589 -3.0 -1.2 Slc35d3 76157 -10.4 1.9
Ap5m1 74385 1.2 4.2 Fbxw27 76998 -1.9 -6.7 Ncald 52589 1.6 -3.0 Slc35e1 270066 2.2 10.9
Ap5m1 74385 1.1 4.5 Fbxw9 68628 -5.5 -1.7 Ncam1 17967 1.7 -2.2 Slc35e2 320541 -1.5 3.0
Ap5z1 231855 1.4 4.3 Fcamr 64435 -2.3 1.2 Ncam1 17967 -1.7 -6.9 Slc35e4 103710 2.4 1.2
Apaf1 11783 14.1 11.2 Fcer1a 14125 1.0 -9.7 Ncam1 17967 -7.2 -6.1 Slc35f1 215085 1.2 -5.0
Apaf1 11783 15.6 2.1 Fcer1g 14127 2.0 1.3 Ncapg2 76044 1.5 4.7 Slc35f2 72022 -18.7 -1.9
Apaf1 11783 4.2 1.9 Fcer2a 14128 -2.2 -2.9 Ncaph 215387 7.0 1.1 Slc35f3 210027 1.0 -11.4
Apba1 319924 6.7 1.0 Fcgbp 215384 1.1 -5.7 Ncbp1 433702 -1.7 2.6 Slc35f4 75288 1.0 -3.8
Apba2 11784 1.5 -7.2 Fcgr1 14129 5.8 2.2 Nceh1 320024 2.6 2.4 Slc35f5 74150 -4.3 -1.3
Apbb1 11785 -2.0 -6.2 Fcgr1 14129 8.3 2.3 Ncf1 17969 2.8 -1.2 Slc35f6 74919 1.5 2.4
Apbb1ip 54519 4.2 2.7 Fcgr2b 14130 3.5 1.1 Ncf1 17969 10.7 2.4 Slc35g1 240660 -19.3 -6.7
Apbb1ip 54519 3.0 7.3 Fcgr2b 14130 2.9 1.2 Ncf2 17970 3.0 1.8 Slc35g1 240660 -11.4 -25.8
Apbb1ip 54519 3.2 2.3 Fcgr2b 14130 3.1 1.0 Ncf4 17972 6.5 2.8 Slc36a1 215335 1.7 3.2
Apbb2 11787 -8.5 -1.9 Fcgr3 14131 3.0 1.2 Nck1 17973 3.0 1.8 Slc36a1 215335 1.0 4.1
Apbb2 11787 -21.7 -1.3 Fcgr3 14131 2.6 -1.2 Nck1 17973 1.2 2.7 Slc36a2 246049 -1.0 -5.6
Apbb2 11787 -3.8 -1.1 Fcgr4 246256 3.2 5.1 Nck2 17974 -11.0 -3.0 Slc36a2 246049 -1.0 2.4
Apc2 23805 1.5 -2.7 Fcho1 74015 7.6 2.3 Nckap1 50884 -6.1 -2.2 Slc36a3 215332 1.7 -3.9
Apcdd1 494504 -5.9 -5.4 Fcho1 74015 2.6 -1.9 Nckap1 50884 -14.2 -6.2 Slc36a3 215332 1.1 -10.4
Apcdd1 494504 -25.4 -1.1 Fcho2 218503 2.6 1.4 Nckap1l 105855 2.5 1.2 Slc36a4 234967 2.7 3.5
Apcs 20219 1.1 -10.0 Fcho2 218503 1.3 2.0 Nckap5 210356 -1.6 -11.6 Slc36a4 234967 2.9 4.8
Apela 100038489 1.0 -7.0 Fcrl1 229499 6.3 19.9 Nckap5l 380969 6.8 1.3 Slc37a1 224674 1.0 -7.8
Apex2 77622 1.5 2.1 Fcrla 98752 -2.6 4.8 Nckipsd 80987 4.9 -2.5 Slc37a2 56857 4.3 -1.0
Aph1a 226548 2.2 1.8 Fdps 110196 -1.2 4.3 Ncl 17975 1.2 5.5 Slc37a2 56857 5.0 2.9
Aph1b 208117 -3.1 -1.8 Fdx1 14148 -5.6 -1.1 Ncln 103425 2.3 -3.7 Slc37a3 72144 -2.8 2.3
Aph1b 208117 -2.6 -2.9 Fdx1 14148 -6.7 1.1 Ncmap 230822 -8.1 -2.4 Slc38a1 105727 2.5 21.8
Aplf 72103 -1.1 2.4 Fech 14151 -2.2 -1.1 Ncoa2 17978 3.2 1.2 Slc38a1 105727 3.3 2.9
Apln 30878 -1.0 -4.5 Fem1a 14154 1.5 -5.4 Ncoa2 17978 3.7 5.2 Slc38a1 105727 4.5 8.2
Apln 30878 -3.7 -1.3 Fem1b 14155 -2.1 2.4 Ncoa3 17979 2.3 1.3 Slc38a1 105727 2.7 5.3
Apln 30878 -1.9 -4.3 Fem1c 240263 3.6 10.8 Ncoa7 211329 1.6 2.1 Slc38a2 67760 -4.3 2.8
Aplnr 23796 -2.0 -2.9 Fem1c 240263 2.8 3.2 Ncor1 20185 -1.2 6.2 Slc38a2 67760 1.1 6.0
Aplp2 11804 -2.6 -1.3 Fem1c 240263 2.2 1.5 Ncor1 20185 5.4 9.3 Slc38a3 76257 -1.1 -4.1
Aplp2 11804 -2.2 -1.7 Fer1l4 74562 -15.3 -15.2 Ncor1 20185 -1.3 2.7 Slc38a4 69354 -1.7 -4.8
Apoa1 11806 1.3 -5.4 Ferd3l 114712 3.0 -9.6 Ncs1 14299 -1.0 -2.4 Slc38a8 234788 1.1 -8.1
Apoa1bp 246703 -2.4 -1.3 Fermt1 241639 -17.8 -4.7 Ncs1 14299 7.1 1.1 Slc38a9 268706 -4.8 2.0
Apoa2 11807 5.9 -1.5 Fermt1 241639 -4.8 1.1 Ndel1 83431 2.9 2.5 Slc38a9 268706 1.3 2.9
Apoa4 11808 1.2 -8.0 Fermt2 218952 -4.5 -19.2 Ndel1 83431 2.2 3.4 Slc39a11 69806 1.1 2.3
Apoa5 66113 2.2 -6.6 Fermt3 108101 3.9 1.9 Ndfip1 65113 -1.7 -2.1 Slc39a12 277468 -1.0 -2.5
Apoa5 66113 7.1 -1.4 Fert2 14158 -4.3 1.0 Ndfip2 76273 2.0 4.4 Slc39a13 68427 1.5 2.1
Apob 238055 1.1 -7.1 Fes 14159 4.7 2.1 Ndfip2 76273 -1.7 4.1 Slc39a13 68427 2.3 1.1
Apob 238055 3.4 -2.4 Fes 14159 3.5 2.0 Ndfip2 76273 -2.1 1.0 Slc39a14 213053 26.7 44.4
Apobec1 11810 2.6 1.6 Fetub 59083 1.0 -4.1 Ndnf 68169 1.0 -5.6 Slc39a14 213053 8.6 6.9
Apobec1 11810 3.5 1.7 Fev 260298 1.1 -10.4 Ndnf 68169 3.8 2.1 Slc39a2 214922 1.0 -6.1
Apobec2 11811 -11.0 2.2 Fez1 235180 -1.3 -3.0 Ndor1 78797 -1.5 2.1 Slc39a5 72002 4.3 1.5
195
Apobec3 80287 2.2 -1.1 Ffar2 233079 5.2 -1.1 Ndor1 78797 -1.1 -2.6 Slc39a6 106957 2.2 6.9
Apobr 171504 3.6 2.6 Fgb 110135 4.4 -1.4 Ndor1 78797 -2.8 -1.2 Slc39a8 67547 -6.2 2.5
Apoc1 11812 -6.1 -2.4 Fgd3 30938 4.5 1.5 Ndp 17986 1.2 4.6 Slc39a8 67547 -4.0 -5.4
Apoc2 11813 15.0 8.3 Fgd4 224014 1.4 3.1 Ndrg1 17988 -1.2 2.5 Slc39a9 328133 -2.0 1.3
Apod 11815 -3.7 -11.6 Fgd4 224014 2.3 11.0 Ndrg2 29811 -6.4 -3.3 Slc3a2 17254 3.6 2.0
Apol10a 245282 5.3 -3.1 Fgd4 224014 2.2 8.1 Ndrg3 29812 -1.1 6.4 Slc41a3 71699 3.5 1.3
Apol10b 328561 1.4 -7.9 Fgf1 14164 -9.1 -5.1 Ndrg4 234593 4.2 -2.1 Slc43a2 215113 13.0 2.6
Apol11b 328563 -1.9 -2.5 Fgf1 14164 -20.2 -7.4 Ndst1 15531 2.2 -1.4 Slc43a2 215113 2.8 1.2
Apol6 71939 4.9 -3.8 Fgf11 14166 1.8 -8.9 Ndst1 15531 2.1 5.8 Slc44a1 100434 -13.0 -8.6
Apol7a 75761 1.0 -2.3 Fgf12 14167 1.0 -2.4 Ndst1 15531 1.2 2.1 Slc44a3 213603 -7.5 -4.1
Apol7a 75761 1.6 -3.4 Fgf13 14168 1.1 -7.0 Ndst2 17423 4.0 4.2 Slc44a4 70129 -5.4 -1.1
Apol7c 108956 10.9 32.9 Fgf13 14168 1.1 4.3 Ndufa3 66091 3.9 2.2 Slc44a4 70129 -5.2 -1.2
Apol7c 108956 3.0 7.9 Fgf14 14169 1.5 -2.5 Ndufab1 70316 2.4 1.4 Slc45a1 242773 2.2 -4.5
Apol8 239552 1.0 7.5 Fgf16 80903 -4.2 1.4 Ndufab1 70316 5.0 -1.1 Slc45a2 22293 1.5 -19.4
Apol8 239552 -1.5 -8.0 Fgf17 14171 1.9 -10.6 Ndufaf1 69702 -2.9 3.6 Slc45a3 212980 -1.3 -5.5
Apol9a 223672 -2.9 1.0 Fgf18 14172 -4.7 -3.0 Ndufaf2 75597 -1.0 2.5 Slc46a3 71706 -2.1 -3.4
Apol9b 71898 -1.5 -6.8 Fgf2 14173 -1.8 -8.6 Ndufaf5 69487 -3.1 6.8 Slc47a1 67473 -6.4 -1.5
Apom 55938 -1.2 -3.4 Fgf20 80857 1.0 -23.7 Ndufaf6 76947 -1.4 2.1 Slc47a1 67473 -17.8 -3.7
Apool 68117 -1.1 8.8 Fgf21 56636 1.1 -14.2 Ndufaf7 73694 -2.6 1.2 Slc4a1 20533 1.5 -8.0
Apool 68117 -1.2 9.1 Fgf22 67112 -2.0 -4.7 Ndufaf7 73694 1.3 4.6 Slc4a11 269356 4.5 3.2
Apool 68117 -2.1 1.0 Fgf22 67112 -3.0 -1.5 Ndufb2 68198 1.6 3.0 Slc4a1ap 20534 -1.1 2.2
Apopt1 68020 -1.1 2.0 Fgf23 64654 3.1 -2.8 Ndufs4 17993 -1.3 2.5 Slc4a3 20536 -7.1 -2.2
Apopt1 68020 -3.3 2.0 Fgf2os 329626 2.4 -2.7 Ndufv2 72900 -4.2 5.1 Slc4a3 20536 -5.1 -4.2
App 11820 -4.1 -1.5 Fgf3 14174 1.9 2.8 Neb 17996 -2.8 2.1 Slc4a4 54403 -21.9 1.1
App 11820 3.0 7.3 Fgf6 14177 1.8 -2.9 Neb 17996 1.1 -37.8 Slc4a4 54403 -4.5 -1.3
Appbp2 66884 -1.6 2.2 Fgf7 14178 -1.6 -4.4 Necab1 69352 1.6 -3.3 Slc4a7 218756 2.0 3.4
Aprt 11821 4.3 1.9 Fgf8 14179 1.4 -2.9 Necab2 117148 1.5 -2.7 Slc4a7 218756 1.0 2.0
Aptx 66408 1.0 3.5 Fgf8 14179 -1.0 -3.5 Necap1 67602 4.7 6.6 Slc4a7 218756 1.9 5.0
Aqp1 11826 -5.0 -3.6 Fgf9 14180 1.1 -2.8 Nedd1 17997 2.9 1.4 Slc4a8 59033 -22.9 -1.6
Aqp2 11827 1.5 -15.1 Fgfbp1 14181 -1.1 -3.0 Nedd4 17999 -7.4 -3.0 Slc4a8 59033 1.0 -7.6
Aqp3 11828 -4.9 -6.1 Fgfbp3 72514 -6.1 1.7 Nedd4 17999 -6.5 -3.7 Slc51a 106407 2.5 -6.7
Aqp4 11829 1.5 -17.1 Fgfbp3 72514 -8.6 1.5 Nedd4l 83814 -2.3 4.4 Slc51a 106407 3.0 -1.0
Aqp7 11832 -5.2 -2.8 Fgfr1op 75296 1.6 6.3 Nedd9 18003 7.9 3.0 Slc51b 330962 1.6 -6.9
Aqp8 11833 1.0 -10.4 Fgfr1op 75296 1.2 2.1 Nefh 380684 -2.0 -2.5 Slc52a2 52710 1.9 -2.1
Aqp9 64008 5.6 1.3 Fgfr1op2 67529 -1.1 2.9 Nefm 18040 -4.2 -1.6 Slc52a3 69698 -8.0 -5.5
Aqp9 64008 -1.1 -7.9 Fgfr2 14183 -7.9 -10.5 Neil1 72774 3.9 1.3 Slc52a3 69698 -13.4 -14.1
Aqp9 64008 4.4 -1.3 Fgfr2 14183 -13.0 -4.9 Neil3 234258 -1.0 -2.9 Slc5a10 109342 -3.8 -14.3
Aqr 11834 2.0 -2.6 Fgfr2 14183 -21.8 -21.4 Nek1 18004 3.5 1.8 Slc5a2 246787 -3.3 -1.9
Aqr 11834 4.0 2.4 Fgfr3 14184 -3.2 1.7 Nek1 18004 -5.7 -1.4 Slc5a3 53881 7.0 1.5
Ar 11835 -15.1 -10.2 Fgfr3 14184 -4.0 1.3 Nek1 18004 -2.5 1.2 Slc5a3 53881 -4.5 1.6
Arap1 69710 7.8 1.6 Fgfr4 14186 1.0 -2.7 Nek1 18004 -4.1 -5.1 Slc5a4b 64454 1.6 -6.2
Arap2 212285 -5.7 -4.3 Fgfr4 14186 2.9 -17.3 Nek11 208583 1.3 -2.7 Slc5a4b 64454 2.6 -2.0
Arap2 212285 -1.2 7.6 Fgfr4 14186 -1.1 -21.2 Nek3 23954 -11.5 -4.4 Slc5a5 114479 1.0 -4.0
Arap3 106952 1.7 -2.6 Fgfrl1 116701 -10.7 -10.3 Nek4 23955 2.4 1.8 Slc5a8 216225 5.0 -9.2
Arap3 106952 6.6 5.7 Fggy 75578 4.0 6.0 Nek5 330721 -8.2 -1.2 Slc6a11 243616 1.7 -2.9
Arc 11838 6.2 3.4 Fgl1 234199 -1.2 -3.7 Nek6 59126 1.9 5.3 Slc6a14 56774 2.1 -9.1
Arcn1 213827 1.7 3.1 Fgl2 14190 5.1 -1.0 Nek8 140859 -2.0 -2.1 Slc6a17 229706 1.0 -4.2
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Arf2 11841 -1.1 3.4 Fgr 14191 10.3 2.7 Nek9 217718 2.1 4.4 Slc6a17 229706 1.2 -6.2
Arfgap2 77038 1.4 3.1 Fhdc1 229474 -1.9 -4.0 Nelfa 24116 2.3 3.9 Slc6a18 22598 1.3 -2.1
Arfgap3 66251 -2.3 1.2 Fhit 14198 -14.0 -1.1 Nell2 54003 5.7 2.0 Slc6a18 22598 1.0 -7.2
Arfgap3 66251 1.5 -4.8 Fhl1 14199 -6.1 -3.1 Nemf 66244 1.0 2.0 Slc6a18 22598 1.5 -6.3
Arfgef1 211673 -2.4 1.8 Fhl3 14201 1.9 -3.1 Nenf 66208 -3.2 -2.3 Slc6a19os 71390 7.4 -4.3
Arfgef2 99371 1.5 2.7 Fhod1 234686 3.1 1.2 Neo1 18007 -7.6 -14.2 Slc6a3 13162 1.1 -11.2
Arfgef2 99371 26.9 -1.0 Fhod3 225288 2.0 -4.9 Neo1 18007 -9.3 1.7 Slc6a4 15567 -5.9 -1.2
Arfrp1 76688 1.1 2.8 Ficd 231630 -1.1 2.7 Nes 18008 1.3 -5.1 Slc6a7 240332 2.0 -11.1
Arg1 11846 108.6 53.2 Fignl1 60530 -1.7 5.3 Net1 56349 -3.4 -1.0 Slc6a7 240332 1.0 -14.3
Arhgap10 78514 -2.3 1.1 Fignl1 60530 1.0 2.5 Net1 56349 -3.3 -1.8 Slc6a8 102857 -3.4 -1.3
Arhgap10 78514 -2.3 2.4 Filip1 70598 -11.4 -1.6 Neto2 74513 -1.0 -7.0 Slc6a9 14664 -5.8 -6.4
Arhgap11a 228482 3.5 2.7 Filip1l 78749 4.6 4.0 Neu1 18010 2.8 2.2 Slc7a1 11987 -1.8 2.5
Arhgap12 75415 -2.7 -1.1 Fip1l1 66899 3.3 3.6 Neu1 18010 8.4 2.1 Slc7a10 53896 2.4 -1.3
Arhgap12 75415 -2.2 6.7 Fip1l1 66899 3.0 6.4 Neu1 18010 2.6 1.6 Slc7a11 26570 46.5 162.9
Arhgap12 75415 -21.0 -3.3 Firre 103012 -12.0 -1.4 Neu2 23956 -1.5 -13.8 Slc7a11 26570 3.8 15.0
Arhgap12 75415 -5.1 -1.2 Firre 103012 -3.4 -1.1 Neu3 50877 -12.4 2.3 Slc7a11 26570 15.8 18.3
Arhgap15 76117 2.1 2.9 Fitm1 68680 1.0 -3.3 Neu4 241159 1.2 -14.3 Slc7a14 241919 -8.5 -1.0
Arhgap15 76117 29.9 2.8 Fitm2 228859 -3.2 -12.7 Neurl3 214854 5.5 2.2 Slc7a15 328059 2.1 -5.3
Arhgap17 70497 2.3 -1.5 Fitm2 228859 -3.8 -1.6 Neurl3 214854 3.7 2.9 Slc7a2 11988 30.6 2.7
Arhgap17 70497 6.2 4.1 Fjx1 14221 -11.1 -1.4 Neurod2 18013 3.2 2.7 Slc7a5 20539 3.8 -1.2
Arhgap19 71085 12.4 1.8 Fkbp11 66120 13.2 2.4 Neurod2 18013 1.1 -7.7 Slc7a6os 66432 1.6 2.1
Arhgap20 244867 -1.0 -14.9 Fkbp14 231997 -6.4 1.4 Neurog1 18014 2.3 -8.4 Slc7a7 20540 4.0 2.3
Arhgap20 244867 1.3 5.7 Fkbp14 231997 -9.1 -1.5 Neurog2 11924 1.1 -5.4 Slc7a8 50934 2.8 1.7
Arhgap21 71435 -1.3 3.2 Fkbp15 338355 1.9 3.9 Neurog3 11925 1.3 -3.3 Slc7a9 30962 3.1 1.6
Arhgap22 239027 -1.2 -2.3 Fkbp1a 14225 2.2 1.5 Nf1 18015 1.2 2.0 Slc8a1 20541 3.5 3.9
Arhgap24 231532 1.4 2.9 Fkbp1b 14226 4.7 -1.3 Nf2 18016 -1.3 3.3 Slc8a1 20541 3.7 1.8
Arhgap24 231532 -4.0 9.4 Fkbp4 14228 -2.2 -1.0 Nfam1 74039 3.0 1.6 Slc8a1 20541 3.4 1.7
Arhgap25 232201 2.4 1.7 Fkbp5 14229 4.0 1.5 Nfam1 74039 4.8 1.4 Slc8a1 20541 1.3 5.5
Arhgap26 71302 1.4 5.3 Fkbp5 14229 12.9 9.7 Nfasc 269116 1.2 -3.9 Slc8a2 110891 1.1 -10.2
Arhgap26 71302 1.0 4.4 Fkbp6 94244 2.0 -7.7 Nfasc 269116 2.4 -4.2 Slc8a3 110893 1.3 -4.6
Arhgap27 544817 -1.2 2.1 Fkbp6 94244 1.1 -3.5 Nfasc 269116 -1.9 -14.8 Slc8b1 170756 1.6 -4.4
Arhgap29 214137 -6.4 -3.7 Fkbp7 14231 -2.6 -1.2 Nfat5 54446 -2.8 6.8 Slc9a2 226999 -8.7 1.1
Arhgap29 214137 -6.5 -1.1 Fkbp9 27055 -4.4 -1.8 Nfat5 54446 -1.2 2.7 Slc9a3 105243 -1.0 -3.7
Arhgap30 226652 2.1 1.7 Fkbpl 56299 -1.3 -2.5 Nfatc1 18018 12.0 5.4 Slc9a3r1 26941 -1.1 -2.0
Arhgap30 226652 2.3 2.4 Fktn 246179 2.0 1.0 Nfatc2 18019 4.1 1.1 Slc9a3r2 65962 -4.1 -4.5
Arhgap31 12549 4.7 1.5 Fli1 14247 3.8 1.2 Nfatc2 18019 3.2 -1.5 Slc9a4 110895 -4.7 1.2
Arhgap31 12549 2.3 1.1 Fli1 14247 4.0 1.2 Nfatc2ip 18020 18.3 3.2 Slc9a6 236794 2.8 -1.3
Arhgap32 330914 -13.3 -1.9 Flna 192176 2.4 2.4 Nfatc2ip 18020 2.0 1.7 Slc9a7 236727 1.7 2.8
Arhgap33 233071 3.0 -1.7 Flna 192176 2.3 2.8 Nfatc3 18021 1.1 3.2 Slc9a7 236727 -1.2 6.3
Arhgap33 233071 1.0 -4.9 Flnb 286940 -4.2 -3.5 Nfatc4 73181 1.6 -6.1 Slc9a7 236727 4.2 4.3
Arhgap36 75404 1.0 -3.5 Flnb 286940 -3.5 -1.5 Nfe2 18022 2.1 -1.1 Slc9a8 77031 1.4 2.3
Arhgap4 171207 3.5 2.6 Flnc 68794 -1.5 -33.5 Nfe2l2 18024 -1.0 14.4 Slc9a8 77031 2.4 3.2
Arhgap42 71544 -4.4 -3.6 Flnc 68794 -1.9 -5.6 Nfe2l3 18025 -1.2 -3.1 Slc9a9 331004 1.3 2.3
Arhgap42 71544 -12.6 1.7 Flnc 68794 2.3 -5.6 Nfe2l3 18025 -13.9 -2.5 Slc9b1 74446 -2.7 1.0
Arhgap42 71544 -1.5 5.9 Flnc 68794 -1.8 -5.3 Nfia 18027 -2.4 -1.5 Slco1a4 28250 -2.7 -3.6
Arhgap5 11855 -6.1 -1.0 Flot2 14252 3.6 -1.0 Nfia 18027 -3.0 -2.4 Slco1a5 108096 1.4 -29.8
Arhgap5 11855 -2.4 -1.2 Flrt1 396184 -10.5 -9.6 Nfib 18028 1.5 3.2 Slco1b2 28253 1.1 -2.5
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Arhgap6 11856 2.0 1.3 Flrt3 71436 -2.9 2.1 Nfib 18028 -4.6 -1.7 Slco4a1 108115 3.1 6.6
Arhgap8 73167 2.2 -8.6 Flrt3 71436 -1.5 3.6 Nfic 18029 2.1 1.1 Slfn1 20555 7.0 10.7
Arhgdib 11857 2.1 1.2 Flt1 14254 1.2 2.5 Nfic 18029 3.2 1.0 Slfn2 20556 8.4 4.1
Arhgdig 14570 -19.9 -2.8 Flt3 14255 -8.8 -8.9 Nfil3 18030 32.6 7.8 Slfn3 20557 3.9 1.9
Arhgef1 16801 4.7 1.3 Flt4 14257 -21.5 -2.8 Nfil3 18030 7.7 8.6 Slfn5 327978 3.2 2.8
Arhgef10l 72754 -3.6 -1.0 Flywch1 224613 -1.5 -4.1 Nfkb1 18033 3.3 10.2 Slfn5 327978 2.6 2.7
Arhgef11 213498 1.2 2.3 Flywch2 76917 -2.1 -12.5 Nfkb1 18033 17.7 12.9 Slfn8 276950 7.9 11.1
Arhgef12 69632 -6.5 -2.2 Fmn1 14260 3.5 1.8 Nfkb1 18033 23.3 17.0 Slfn9 237886 3.7 3.0
Arhgef12 69632 -7.3 -1.2 Fmn1 14260 3.2 4.2 Nfkb1 18033 3.1 16.3 Slfn9 237886 3.1 2.4
Arhgef12 69632 -5.6 -2.1 Fmn1 14260 1.7 12.6 Nfkb2 18034 4.4 2.7 Slfnl1 194219 -1.8 -4.7
Arhgef12 69632 -3.6 -2.1 Fmn1 14260 1.2 7.7 Nfkbia 18035 4.5 2.8 Slirp 380773 4.7 1.2
Arhgef16 230972 -3.1 -10.4 Fmn2 54418 1.0 -8.5 Nfkbib 18036 2.7 2.2 Slit2 20563 -4.7 -9.6
Arhgef17 207212 2.0 -6.9 Fmnl1 57778 1.9 2.5 Nfkbid 243910 8.0 2.2 Slit2 20563 -2.4 -1.6
Arhgef18 102098 -4.7 -1.5 Fmnl1 57778 4.0 2.8 Nfkbie 18037 6.6 4.5 Slit3 20564 -1.5 -2.7
Arhgef19 213649 -1.5 -3.5 Fmnl3 22379 5.8 2.7 Nfkbiz 80859 8.1 3.2 Slitrk2 245450 -1.2 -11.9
Arhgef2 16800 2.3 1.9 Fmo2 55990 -6.5 -3.5 Nfs1 18041 -1.2 2.2 Slitrk6 239250 3.0 -10.7
Arhgef2 16800 2.1 3.3 Fmo2 55990 -2.4 1.2 Nfs1 18041 2.0 5.2 Slk 20874 1.4 2.7
Arhgef25 52666 -2.3 -3.8 Fmo2 55990 -3.5 -3.8 Nfu1 56748 1.2 3.4 Slk 20874 1.1 8.2
Arhgef26 622434 1.5 -4.1 Fmo5 14263 -18.1 -10.5 Nfx1 74164 -5.9 7.7 Slk 20874 1.6 2.3
Arhgef28 110596 -4.9 -2.9 Fmo5 14263 -48.9 -7.0 Nfx1 74164 -3.5 -1.1 Slk 20874 1.2 3.4
Arhgef3 71704 -1.2 -2.5 Fmo5 14263 -15.3 -11.7 Nfxl1 100978 5.8 -1.9 Slmo1 225655 1.9 -8.7
Arhgef37 328967 1.2 2.5 Fmr1 14265 7.1 1.6 Nfya 18044 2.5 3.5 Slmo1 225655 2.3 -1.6
Arhgef38 77669 2.0 -10.6 Fn1 14268 5.3 7.8 Nfya 18044 4.0 4.5 Slmo2 66390 1.8 2.8
Arhgef4 226970 -18.8 -3.1 Fn1 14268 6.4 6.9 Nfyb 18045 1.1 3.6 Sltm 66660 -1.1 3.6
Arhgef40 268739 -1.1 3.7 Fn1 14268 3.5 5.6 Ngb 64242 1.0 -8.7 Sltm 66660 -1.0 2.1
Arhgef5 54324 -3.7 -2.3 Fn3k 63828 -1.2 -7.7 Ngef 53972 -1.2 -8.4 Slurp1 57277 3.1 2.6
Arhgef6 73341 3.6 1.9 Fnbp1 14269 2.1 1.1 Ngfr 18053 2.9 -6.1 Slx1b 75764 -4.4 -1.3
Arhgef9 236915 -10.0 1.4 Fnbp1l 214459 -1.3 2.9 Ngfrap1 12070 -2.3 -1.7 Slx4 52864 2.5 1.2
Arhgef9 236915 -3.1 1.2 Fnbp4 55935 1.0 4.4 Ngly1 59007 -2.4 2.3 Slx4ip 74243 -3.8 1.7
Arid2 77044 1.2 2.1 Fnd3c2 331491 1.5 3.4 Ngly1 59007 -1.3 3.3 Slx4ip 74243 1.3 3.7
Arid2 77044 -1.3 7.7 Fndc1 68655 -6.0 2.7 Ngrn 83485 -3.3 -1.4 Smad1 17125 2.0 1.3
Arid3a 13496 2.9 2.2 Fndc3a 319448 2.2 1.3 Ngrn 83485 -2.1 -2.2 Smad1 17125 1.7 3.9
Arid3b 56380 1.8 -2.6 Fndc3a 319448 3.4 3.9 Nhej1 75570 6.1 -3.9 Smad2 17126 -2.0 6.3
Arid3b 56380 1.8 -4.0 Fndc3a 319448 15.6 14.2 Nhlrc1 105193 -2.5 1.3 Smad3 17127 -1.1 7.7
Arid4a 238247 3.8 2.2 Fndc3b 72007 1.4 2.1 Nhlrc2 66866 1.3 2.7 Smad3 17127 -1.2 5.3
Arid4b 94246 1.1 13.8 Fndc4 64339 1.1 -6.6 Nhlrc2 66866 -5.2 2.1 Smad4 17128 1.4 -2.9
Arid4b 94246 2.0 2.8 Fndc5 384061 1.3 -7.7 Nhs 195727 -2.0 1.1 Smad5 17129 3.8 3.8
Arid5a 214855 5.1 1.3 Fndc8 78919 1.2 -4.2 Nhsl1 215819 -2.1 -5.6 Smad5 17129 -1.1 4.0
Arid5a 214855 6.4 3.5 Fnip1 216742 2.3 2.5 Nhsl1 215819 -31.5 -8.6 Smad7 17131 2.4 15.6
Arid5b 71371 1.7 2.6 Fnip1 216742 1.5 9.3 Nhsl1 215819 -2.3 1.1 Smad9 55994 -1.5 -7.2
Arid5b 71371 1.2 2.3 Fnip2 329679 1.3 2.6 Nicn1 66257 -6.8 -1.5 Smad9 55994 -6.3 -4.1
Arih1 23806 1.3 3.9 Fntb 110606 -2.7 -2.4 Nim1k 245269 1.9 -2.1 Smagp 207818 -3.0 -3.4
Arih1 23806 1.3 2.4 Folr1 14275 -2.2 -3.6 Nin 18080 2.6 3.6 Smap1 98366 1.3 2.2
Arih1 23806 1.2 5.9 Folr1 14275 1.1 -5.1 Nin 18080 5.3 7.4 Smap1 98366 1.4 2.2
Arih1 23806 -1.3 2.9 Fos 14281 2.1 1.6 Ninj2 29862 1.1 -7.9 Smap2 69780 2.6 1.1
Arih1 23806 3.6 3.4 Fosb 14282 2.2 1.1 Ninl 78177 -3.1 1.3 Smarca1 93761 -2.1 -1.1
Arih2 23807 4.9 -3.0 Fosl2 14284 1.5 8.9 Nipa2 93790 1.7 2.7 Smarca5 93762 1.1 3.0
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Arl11 219144 5.3 2.2 Foxa1 15375 -8.4 -6.8 Nipa2 93790 2.3 2.2 Smarca5 93762 1.6 4.1
Arl14 71619 80.6 -1.0 Foxa2 15376 1.0 -4.0 Nipal1 70701 -4.2 -2.4 Smarca5 93762 -1.0 3.7
Arl14ep 212772 2.6 2.0 Foxb2 14240 -1.8 -4.2 Nipal2 223473 -4.7 -1.0 Smarca5-ps 545700 1.9 2.3
Arl15 218639 1.1 4.4 Foxc1 17300 -10.9 -10.3 Nipal4 214112 -7.3 -8.0 Smarcal1 54380 8.7 -2.1
Arl2 56327 -3.3 -2.1 Foxc2 14234 2.7 -14.8 Nipal4 214112 -5.5 -27.2 Smarcal1 54380 -1.2 2.7
Arl2 56327 -3.5 -2.1 Foxd2os 100040736 3.6 1.2 Nipbl 71175 1.2 2.3 Smarce1 57376 -2.9 2.5
Arl4a 11861 -4.4 1.5 Foxf1 15227 -3.1 -3.8 Nipsnap1 18082 -4.7 -21.8 Smc1b 140557 1.1 -3.0
Arl4c 320982 7.9 3.1 Foxg1 15228 -1.1 -6.9 Nipsnap3a 73398 -1.5 -16.6 Smc2 14211 11.6 6.3
Arl4c 320982 6.7 7.9 Foxh1 14106 -1.0 -3.3 Nisch 64652 1.5 5.1 Smc3 13006 -2.4 3.1
Arl5a 75423 1.3 2.1 Foxi1 14233 1.0 -2.6 Nit2 52633 -1.7 3.2 Smc3 13006 -1.6 2.1
Arl5b 75869 -1.1 3.0 Foxi2 270004 2.0 -2.2 Nkain1 67149 2.1 5.5 Smc5 226026 -2.4 -1.0
Arl5b 75869 1.8 4.9 Foxk1 17425 -1.4 -3.1 Nkain3 269513 1.5 -13.2 Smc6 67241 1.9 3.9
Arl5c 217151 6.8 2.3 Foxk2 68837 8.5 2.2 Nkain4 58237 -2.5 -5.5 Smchd1 74355 1.8 2.8
Arl5c 217151 8.2 9.9 Foxk2 68837 1.3 18.6 Nkain4 58237 -3.6 -16.4 Smco2 69371 -1.9 -3.8
Arl6 56297 -2.5 -3.9 Foxk2 68837 2.1 -1.7 Nkap 67050 -1.0 4.0 Smco4 170748 -4.6 -1.1
Arl6ip4 65105 -1.3 -2.0 Foxl2 26927 -1.2 -6.0 Nkd1 93960 -5.5 -8.2 Smcr8 237782 2.2 7.9
Arl6ip5 65106 -1.4 -2.1 Foxn2 14236 7.3 4.7 Nkd1 93960 1.0 -22.4 Smcr8 237782 3.5 1.7
Arl6ip6 65103 1.1 -4.9 Foxn2 14236 2.1 3.8 Nkiras1 69721 -2.1 4.2 Smek1 68734 3.2 1.6
Arl6ip6 65103 5.6 10.0 Foxo6 329934 -7.1 -9.6 Nkpd1 69547 -1.1 -2.5 Smek1 68734 -1.4 4.1
Arl8a 68724 2.1 1.3 Foxp1 108655 1.7 7.7 Nkrf 77286 2.3 2.6 Smek1 68734 1.3 3.2
Armc2 213402 -1.8 -2.3 Foxp2 114142 -2.7 -1.0 Nkrf 77286 1.6 8.9 Smek1 68734 1.5 3.0
Armc4 74934 1.1 -3.9 Foxp3 20371 5.0 4.7 Nktr 18087 -1.1 4.8 Smek2 104570 -1.0 2.1
Armc5 233912 2.2 1.1 Foxp4 74123 1.4 4.9 Nktr 18087 1.7 5.4 Smg1 233789 -1.5 2.9
Armc6 76813 4.3 -3.0 Foxq1 15220 -1.8 -5.4 Nkx1-2 20231 1.0 -9.8 Smg1 233789 2.0 3.9
Armc7 276905 3.2 2.6 Foxred1 235169 1.8 7.5 Nkx1-2 20231 1.6 -3.5 Smg1 233789 1.8 3.8
Armc9 78795 -2.7 -9.4 Foxred2 239554 -1.1 -3.7 Nkx2-3 18089 3.3 -3.1 Smg1 233789 1.2 3.4
Armcx5 494468 1.3 4.4 Foxs1 14239 -5.2 -7.2 Nkx2-4 228731 -1.1 -5.9 Smg6 103677 1.3 -3.8
Armcx6 278097 1.2 -2.2 Fpgs 14287 1.4 -2.4 Nkx2-6 18092 1.0 -2.2 Smim1 68859 -5.3 -20.4
Arnt 11863 7.4 6.4 Fpgt 75540 -4.8 6.6 Nkx2-6 18092 3.2 -30.4 Smim13 108934 3.2 2.2
Arnt 11863 1.1 2.5 Fpr1 14293 27.7 4.0 Nkx6-1 18096 1.2 -44.2 Smim14 68552 -2.4 -1.6
Arnt 11863 2.1 1.2 Fpr2 14289 12.1 30.8 Nkx6-3 74561 -2.1 -4.8 Smim14 68552 -2.3 -1.6
Arntl2 272322 -3.6 -1.7 Fpr2 14289 25.6 16.8 Nle1 217011 2.8 3.8 Smim14 68552 -4.3 1.1
Arpc1a 56443 -3.3 -1.1 Fpr-rs3 14290 1.8 -2.5 Nlgn3 245537 1.1 -2.3 Smim20 66278 -2.4 -1.1
Arpc3 56378 2.3 1.5 Fras1 231470 -18.9 1.3 Nlk 18099 -1.0 2.1 Smim22 432995 -10.9 -11.5
Arpc4 68089 2.1 1.6 Frat1 14296 1.2 5.0 Nlrc3 268857 -1.6 -2.4 Smim23 69351 1.7 -5.1
Arpc4 68089 2.1 1.5 Frat1 14296 4.9 8.4 Nlrc4 268973 22.9 1.7 Smim3 106878 5.5 14.1
Arpc5l 74192 -2.0 -2.3 Frat1 14296 2.1 1.5 Nlrc5 434341 1.9 4.9 Smim8 66291 -4.8 -1.7
Arpp19 59046 -2.3 1.2 Frk 14302 1.1 -6.2 Nlrp1a 195046 3.8 5.4 Smlr1 100504474 1.1 -2.7
Arpp21 74100 1.1 -10.5 Frk 14302 -2.1 -1.5 Nlrp3 216799 15.1 4.0 Smn1 20595 2.7 4.4
Arrb1 109689 3.7 -1.1 Frk 14302 -7.4 -1.2 Nlrp4a 243880 1.0 -3.1 Smndc1 76479 3.2 3.2
Arrb2 216869 3.4 1.7 Frmd4a 209630 5.6 2.0 Nlrp4c 83564 2.2 -9.9 Smo 319757 -6.0 1.1
Arrdc3 105171 -6.7 2.9 Frmd4a 209630 3.8 3.2 Nlrp5-ps 100417675 1.0 -4.0 Smo 319757 -2.1 -2.5
Arrdc4 66412 2.2 6.8 Frmd4a 209630 5.2 6.6 Nlrp5-ps 100417675 1.1 -2.7 Smoc1 64075 -2.0 -4.5
Arrdc5 76920 1.0 -3.4 Frmd5 228564 -2.4 1.5 Nlrp9c 330490 -1.2 -5.4 Smoc2 64074 -5.0 -4.5
Arsb 11881 -3.6 -1.2 Frmd6 319710 -5.0 -2.2 Nlrx1 270151 4.0 2.4 Smoc2 64074 -1.6 -4.6
Arsb 11881 -2.5 -2.9 Frmd6 319710 -2.5 -6.4 Nlrx1 270151 4.4 1.1 Smox 228608 15.7 3.5
Arsi 545260 4.5 -1.8 Frmd6 319710 -3.2 -3.2 Nlrx1 270151 2.3 3.2 Smox 228608 28.9 23.7
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Arsj 271970 -4.8 -2.3 Frmd7 385354 -3.8 -1.4 Nme1 18102 1.1 3.0 Smpd1 20597 -1.4 -2.4
Art2a-ps 11871 15.5 50.3 Frmpd1 666060 -1.3 -12.1 Nme3 79059 -2.0 -1.7 Smpd3 58994 -1.6 -7.3
Art3 109979 -1.8 6.1 Frrs1 20321 1.7 3.0 Nme5 75533 -2.8 1.3 Smpd4 77626 6.3 4.5
Art4 109978 -9.9 2.0 Frrs1l 230235 1.0 -10.3 Nme6 54369 -5.3 1.5 Smpdl3a 57319 2.4 1.2
Art5 11875 -1.4 -2.4 Frs2 327826 1.1 2.3 Nme7 171567 -1.3 -2.9 Smr2 20600 1.0 -18.7
Arvcf 11877 1.4 -9.0 Frs3 107971 1.0 -6.9 Nmi 64685 2.1 2.3 Smtn 29856 -2.6 -2.9
Arx 11878 1.8 -7.6 Fry 320365 -3.2 -1.6 Nmnat3 74080 -2.3 2.1 Smtnl2 276829 -3.3 -2.6
As3mt 57344 6.9 6.3 Fry 320365 -9.2 3.0 Nmrk1 225994 -1.4 14.2 Smurf2 66313 -1.7 10.7
Asap1 13196 2.4 1.5 Fry 320365 -5.0 -1.3 Nmrk2 69564 2.5 -3.8 Smyd1 12180 1.5 -11.5
Asap1 13196 3.8 4.6 Fsbp 100503583 -2.1 1.1 Nmt1 18107 2.1 1.4 Smyd1 12180 1.4 -11.9
Asap2 211914 -5.0 3.1 Fscn1 14086 -2.6 -1.6 Nmt1 18107 3.9 1.4 Smyd2 226830 -3.6 -1.2
Asap2 211914 -5.1 -1.9 Fscn3 56223 1.0 -4.3 Nmt2 18108 10.6 9.0 Smyd2 226830 -4.0 -1.2
Asap3 230837 -10.2 -14.5 Fsd1 240121 2.0 -5.9 Nnmt 18113 1.1 -9.2 Smyd4 319822 1.1 -16.5
Asb10 117590 -2.9 -9.1 Fshb 14308 1.7 -3.0 Noc4l 100608 5.5 2.2 Snai2 20583 -8.8 -13.9
Asb13 142688 -1.3 2.7 Fsip1 71313 1.0 -2.9 Nod2 257632 39.7 20.0 Snap23 20619 2.9 1.5
Asb13 142688 1.8 -3.4 Fstl3 83554 -1.1 -3.5 Nodal 18119 3.0 -4.2 Snap25 20614 -1.0 -4.6
Asb16 217217 -5.3 -9.9 Fstl4 320027 -2.7 -14.8 Nog 18121 -1.4 -8.0 Snap29 67474 2.9 -1.6
Asb16 217217 -1.9 -4.7 Fstl5 213262 1.4 -10.6 Nol10 217431 2.2 14.4 Snap47 67826 -2.9 -2.5
Asb18 208372 2.0 -2.5 Ftcd 14317 1.2 -39.8 Nol12 97961 2.0 -1.4 Snap47 67826 -4.1 -1.7
Asb2 65256 2.6 -1.2 Fthl17 83457 2.6 2.2 Nol3 78688 -8.3 3.4 Snapc1 75627 2.3 3.1
Asb3 65257 2.2 -1.0 Fto 26383 1.0 2.2 Nol4 319211 1.2 -6.5 Snapc2 102209 -1.1 -2.0
Asb4 65255 3.3 2.6 Fto 26383 2.3 5.8 Nol6 230082 -2.8 2.5 Snapc3 77634 -1.3 3.8
Asb7 117589 -2.6 -1.7 Ftsj1 54632 -1.1 2.6 Nol7 70078 10.9 6.9 Sncaip 67847 1.3 -3.5
Ascc1 69090 -2.0 -1.5 Ftsj3 56095 -1.1 5.0 Nol8 70930 -1.2 5.3 Sncaip 67847 -5.0 -8.0
Ascc3 77987 2.4 8.2 Ftx 78878 1.3 -5.3 Nol8 70930 -1.1 4.8 Sncb 104069 1.2 -2.0
Ascc3 77987 1.1 6.2 Fubp1 51886 4.5 2.0 Nol9 74035 1.7 2.1 Snd1 56463 1.9 2.1
Ascc3 77987 -2.8 1.7 Fuca2 66848 1.5 2.3 Nolc1 70769 -1.3 2.8 Sned1 208777 1.8 -8.6
Ascl1 17172 1.7 -6.4 Fuom 69064 -2.9 -1.3 Nom1 433864 -13.5 1.3 Snhg1 83673 3.7 2.9
Ascl2 17173 1.7 -4.2 Fus 233908 1.1 4.1 Nop16 28126 2.6 1.6 Snhg11 319317 -35.1 -3.0
Ascl3 56787 1.6 -3.4 Fut1 14343 1.1 -2.3 Nop2 110109 2.4 1.7 Snhg11 319317 -4.9 -1.5
Ash1l 192195 -2.2 1.2 Fut8 53618 2.1 2.6 Nop56 67134 -2.9 6.2 Snhg11 319317 -3.0 -14.7
Asic1 11419 -6.1 3.4 Fuz 70300 1.4 7.5 Nop58 55989 1.1 2.4 Snhg11 319317 -5.7 1.1
Asic2 11418 2.7 2.5 Fxn 14297 -1.4 -2.8 Nop9 67842 2.1 2.6 Snhg11 319317 -27.6 -1.1
Asic2 11418 -3.5 -1.2 Fxr1 14359 -8.7 -4.9 Nos1 18125 1.1 3.3 Snhg18 100616095 -10.6 -4.1
Asic3 171209 14.5 1.4 Fxr2 23879 2.4 1.8 Notch2 18129 2.3 -1.5 Snhg5 72655 1.3 3.0
Asl 109900 2.1 1.8 Fxyd1 56188 -2.2 -3.6 Notch3 18131 -3.9 -5.5 Snhg5 72655 5.0 11.5
Asns 27053 -4.4 -5.5 Fxyd1 56188 -4.3 -4.7 Notum 77583 -1.3 -4.1 Snhg7 72091 -1.2 2.8
Aspa 11484 -1.3 -4.4 Fxyd3 17178 -7.2 -6.3 Notumos 100015211 -1.0 -8.5 Snhg8 69895 5.1 1.0
Aspa 11484 -2.3 -15.2 Fxyd4 108017 -10.6 -6.1 Nox1 237038 -1.4 2.8 Snhg8 69895 9.3 9.5
Aspdh 68352 1.1 2.8 Fxyd5 18301 2.8 2.3 Noxa1 241275 2.3 -1.9 Snip1 76793 2.4 5.1
Aspg 104816 -1.2 -6.7 Fxyd6 59095 -6.0 -2.1 Noxo1 71893 -6.6 -1.4 Snn 20621 -13.0 -2.9
Aspg 104816 -1.8 -2.8 Fxyd6 59095 -5.4 -6.8 Noxred1 71275 3.7 -12.6 Snn 20621 -11.2 -6.5
Asph 65973 2.0 2.1 Fyb 23880 3.5 1.4 Npas2 18143 -8.1 1.5 Snora52 100217419 2.2 2.7
Asph 65973 5.4 9.0 Fyb 23880 5.3 2.5 Npas3 27386 1.1 -5.8 Snph 241727 1.7 -4.2
Asph 65973 -9.4 -1.2 Fyb 23880 3.6 2.1 Npat 244879 -1.5 4.8 Snrnp35 76167 2.3 -1.3
Asph 65973 -2.0 6.7 Fyco1 17281 -2.4 -1.6 Npbwr1 226304 1.3 -6.5 Snrnp48 67797 -1.4 7.1
Asph 65973 -2.9 -1.5 Fyco1 17281 -4.9 -1.2 Npc2 67963 2.2 1.3 Snrnp48 67797 1.0 -36.9
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Asphd1 233879 3.3 -2.7 Fyco1 17281 -2.1 1.0 Npcd 504193 3.1 -3.7 Snrpa1 68981 1.6 2.5
Asphd2 72898 1.7 -2.3 Fyco1 17281 1.1 -2.0 Npepps 19155 -1.2 3.3 Snrpn 20646 -13.8 2.0
Aspm 12316 -2.7 -12.6 Fyco1 17281 -2.3 1.3 Npepps 19155 -1.3 2.8 Snrpn 20646 -22.5 3.5
Asprv1 67855 4.9 2.7 Fyttd1 69823 -1.1 4.5 Nphp3 74025 -6.5 -1.1 Sntb2 20650 1.3 2.1
Asrgl1 66514 2.3 2.4 Fzd10 93897 -2.0 -2.8 Nphs1 54631 1.4 -10.8 Sntb2 20650 1.8 2.1
Astl 215095 1.3 -9.6 Fzd10 93897 -14.8 -1.4 Npl 74091 8.4 1.1 Snupn 66069 -7.8 5.8
Astn1 11899 -1.0 -3.3 Fzd2 57265 -3.5 -15.5 Npm1 18148 -1.3 2.1 Snurf 84704 -13.3 -6.3
Astn1 11899 1.1 -2.4 Fzd5 14367 -3.2 -1.3 Npnt 114249 -6.9 -1.3 Snx10 71982 1.5 18.1
Asxl1 228790 -1.1 2.2 Fzd5 14367 -2.5 -3.9 Nppa 230899 -1.1 -3.1 Snx10 71982 2.5 5.8
Asxl1 228790 -1.5 2.4 Fzd6 14368 -7.1 -10.4 Nppa 230899 4.3 2.4 Snx13 217463 3.2 -1.2
Asxl1 228790 3.6 2.3 Fzd8 14370 1.0 -6.9 Nppb 18158 2.2 1.1 Snx16 74718 4.4 -1.0
Asxl2 75302 1.3 2.0 Fzd9 14371 -1.9 -2.4 Nppb 18158 1.2 -6.4 Snx18 170625 2.5 2.6
Asxl2 75302 3.0 3.8 G0s2 14373 10.6 2.0 Nppc 18159 2.2 1.3 Snx18 170625 3.1 4.7
Asz1 74068 1.0 -3.1 G2e3 217558 1.6 -4.4 Npr1 18160 -11.2 2.7 Snx19 102607 1.2 -5.0
Atad2b 320817 6.9 5.4 G3bp2 23881 -1.3 2.1 Npr2 230103 -3.7 -1.6 Snx19 102607 -4.7 7.8
Atad2b 320817 4.4 2.8 G630030J09Rik 442824 2.9 -1.3 Npr2 230103 2.9 1.6 Snx2 67804 2.9 1.2
Atad5 237877 1.1 -3.5 G6pdx 14381 -2.4 -1.0 Npr3 18162 1.0 -12.7 Snx20 71607 5.5 2.5
Atat1 73242 -1.6 3.4 Gab1 14388 1.3 2.5 Nprl3 17168 2.9 3.0 Snx21 101113 -2.5 -1.2
Atat1 73242 -7.7 1.8 Gab2 14389 2.3 3.3 Npsr1 319239 -1.5 -5.7 Snx22 382083 2.5 1.5
Atf1 11908 1.3 7.2 Gab3 210710 9.6 1.7 Npsr1 319239 1.5 -4.0 Snx24 69226 4.7 2.8
Atf1 11908 3.4 3.8 Gabarapl1 57436 -2.5 -3.4 Npy5r 18168 1.2 4.4 Snx25 102141 10.6 1.9
Atf1 11908 3.8 3.1 Gabarapl1 57436 -1.8 -2.4 Nqo1 18104 -19.6 -13.2 Snx27 76742 -1.4 4.3
Atf2 11909 3.4 1.2 Gabbr1 54393 -5.4 -1.8 Nr0b2 23957 1.4 -5.7 Snx31 66696 -6.0 1.3
Atf3 11910 4.4 2.1 Gabbr1 54393 1.8 -7.6 Nr1d1 217166 -2.8 -1.6 Snx32 225861 -1.2 -3.6
Atf6 226641 4.0 1.3 Gabbr2 242425 -1.2 -5.2 Nr1d1 217166 -3.6 -2.1 Snx33 235406 -4.3 -1.2
Atf6 226641 2.2 3.4 Gabpa 14390 3.1 1.3 Nr1d1 217166 -3.2 -1.4 Snx5 69178 1.9 3.5
Atf6b 12915 1.7 2.1 Gabpa 14390 2.4 7.5 Nr1d2 353187 -2.3 1.1 Snx5 69178 2.3 -1.2
Atf7ip 54343 2.1 2.7 Gabpb1 14391 -1.8 3.8 Nr1h4 20186 1.1 -4.0 Soat1 20652 3.3 1.9
Atf7ip 54343 1.7 2.9 Gabpb1 14391 2.9 2.7 Nr1h5 381463 1.1 -2.3 Soat1 20652 2.2 3.1
Atg12 67526 -2.1 -1.2 Gabpb1 14391 7.1 1.2 Nr1i3 12355 6.0 -1.0 Soat1 20652 4.3 1.2
Atg12 67526 -2.2 -3.1 Gabpb2 213054 1.9 2.4 Nr2c1 22025 -3.0 1.9 Soat2 223920 12.2 1.9
Atg13 51897 1.1 7.0 Gabpb2 213054 -1.9 5.7 Nr2c2 22026 -1.4 -2.0 Socs2 216233 6.2 13.5
Atg16l1 77040 2.2 1.5 Gabra1 14394 2.3 -6.8 Nr2f2 11819 -17.1 -3.9 Socs3 12702 9.2 2.3
Atg4c 242557 13.7 2.8 Gabra2 14395 1.4 -2.7 Nr2f2 11819 -15.2 -8.2 Socs3 12702 12.3 1.4
Atg4d 235040 4.2 -2.5 Gabra3 14396 -18.0 1.2 Nr2f6 13864 -2.5 -1.3 Socs4 67296 -1.2 13.7
Atg4d 235040 1.5 -3.4 Gabra5 110886 -2.4 -10.2 Nr3c1 14815 4.9 -1.1 Socs6 54607 2.0 6.1
Atg5 11793 -1.0 4.1 Gabrb1 14400 -1.8 -4.3 Nr3c1 14815 2.6 -1.2 Socs6 54607 4.3 2.3
Atg7 74244 1.8 10.1 Gabrd 14403 -5.5 -4.5 Nr3c2 110784 -17.1 -2.6 Sod1 20655 1.6 4.2
Atl1 73991 -2.8 1.3 Gabre 14404 -4.3 -2.0 Nr3c2 110784 -2.0 1.5 Soga1 320706 2.4 2.5
Atl1 73991 3.6 2.1 Gabre 14404 -2.1 -1.9 Nr3c2 110784 -16.3 -22.5 Soga3 67412 1.4 -36.5
Atl2 56298 1.8 2.5 Gabrg3 14407 6.4 5.0 Nr4a1 15370 6.0 5.2 Son 20658 -1.1 2.5
Atl2 56298 6.8 1.2 Gabrp 216643 1.0 -4.2 Nr4a3 18124 24.3 3.8 Sorbs1 20411 -5.2 -2.0
Atl2 56298 -5.0 -1.6 Gabrr1 14408 1.7 -5.4 Nr5a1 26423 1.0 -11.4 Sorbs2 234214 -11.0 -2.1
Atl3 109168 1.4 5.2 Gabrr2 14409 2.4 -2.3 Nr5a2 26424 -2.4 -6.8 Sorbs2 234214 -5.4 -2.8
Atl3 109168 -2.1 -1.3 Gadd45a 13197 -1.9 2.7 Nr6a1 14536 -4.2 -7.1 Sorbs3 20410 -1.7 -5.2
Atm 11920 1.5 2.5 Gadd45b 17873 26.6 12.8 Nradd 67169 -1.1 -5.6 Sorcs1 58178 1.0 -5.9
Atm 11920 -3.7 1.2 Gadd45b 17873 11.3 4.3 Nrarp 67122 -6.0 -3.3 Sord 20322 -2.8 -3.0
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Atoh1 11921 -1.2 -3.8 Gadd45g 23882 9.9 6.6 Nras 18176 2.7 1.9 Sorl1 20660 -2.5 1.7
Atoh7 53404 1.6 2.1 Gak 231580 1.4 2.4 Nras 18176 -1.6 7.6 Sort1 20661 -4.0 1.8
Atoh7 53404 -2.4 -3.8 Gal3st2 381334 -1.1 -3.4 Nras 18176 1.5 2.3 Sort1 20661 2.0 2.3
Atoh8 71093 -3.6 -3.6 Galc 14420 -1.9 -2.5 Nrbp2 223649 -5.3 -1.7 Sort1 20661 -4.3 1.3
Atp10b 319767 -21.0 -1.0 Galc 14420 1.8 -2.6 Nrbp2 223649 -1.4 -3.7 Sos2 20663 -1.5 4.8
Atp10d 231287 -2.3 -1.1 Galc 14420 3.7 2.8 Nrcam 319504 1.4 -2.5 Sost 74499 1.5 -5.3
Atp10d 231287 1.0 4.0 Galk1 14635 -1.7 -2.0 Nrcam 319504 1.0 -2.4 Sowahc 268301 -3.5 5.7
Atp11a 50770 -2.8 1.5 Galm 319625 1.9 2.1 Nrd1 230598 1.0 2.7 Sowahc 268301 -1.8 7.3
Atp11a 50770 -2.5 2.3 Galns 50917 4.9 1.8 Nrep 27528 -5.5 -4.6 Sox1 20664 1.0 -3.9
Atp11a 50770 -1.2 -3.8 Galnt11 231050 3.5 5.5 Nrf1 18181 2.4 1.5 Sox10 20665 3.7 1.9
Atp11b 76295 4.2 10.1 Galnt13 271786 1.4 -9.4 Nrg1 211323 35.6 23.9 Sox10 20665 3.1 2.1
Atp11c 320940 1.6 2.2 Galnt16 108760 -9.1 -4.3 Nrg1 211323 24.3 72.2 Sox11 20666 1.0 -4.3
Atp12a 192113 1.2 -3.6 Galnt3 14425 -3.2 3.8 Nrg1 211323 21.1 6.9 Sox11 20666 -2.9 1.2
Atp13a3 224088 1.1 2.0 Galnt5 241391 -1.2 -2.4 Nrg1 211323 7.0 15.1 Sox13 20668 -8.0 -1.1
Atp1a2 98660 -1.6 -4.9 Galnt6 207839 -1.0 2.6 Nrg1 211323 -1.1 -6.9 Sox15 20670 -14.4 -8.5
Atp1a3 232975 2.7 4.3 Galnt6 207839 2.4 18.3 Nrg3 18183 1.4 2.5 Sox17 20671 -2.2 -1.9
Atp1a4 27222 1.5 -2.2 Galnt7 108150 -1.2 2.6 Nrg4 83961 3.0 -2.0 Sox17 20671 1.2 -3.1
Atp1b1 11931 -4.8 -1.2 Galntl6 270049 1.1 -5.7 Nrip1 268903 1.2 2.1 Sox17 20671 -2.5 1.4
Atp1b2 11932 -1.2 -4.5 Galp 232836 1.0 -3.4 Nrip1 268903 -1.6 5.6 Sox19 20673 1.0 -10.8
Atp2a1 11937 -3.4 1.8 Galr2 14428 1.1 -2.4 Nrip1 268903 -1.0 2.1 Sox21 223227 1.3 -2.5
Atp2a2 11938 -1.6 3.4 Gamt 14431 2.1 -2.8 Nrip2 60345 -3.4 -33.2 Sox2ot 320478 -4.3 -1.1
Atp2a3 53313 1.3 -3.0 Ganc 76051 -1.3 7.4 Nrm 106582 2.5 -1.4 Sox6 20679 -9.9 -1.6
Atp2b1 67972 1.9 2.7 Ganc 76051 -2.4 1.5 Nrm 106582 3.4 -1.1 Sox6 20679 2.5 -1.8
Atp2b1 67972 3.1 13.5 Gapdh 14433 4.4 3.3 Nrn1 68404 -35.6 -9.4 Sox6 20679 -5.5 2.3
Atp2b2 11941 1.8 -3.5 Gapdhs 14447 -1.6 -2.5 Nrp2 18187 2.5 1.2 Sox6 20679 -3.5 1.0
Atp2b3 320707 -1.0 -2.5 Gapt 238875 4.9 6.4 Nrros 224109 3.3 1.3 Sox6os 68469 1.0 -3.7
Atp2c1 235574 2.2 3.0 Gapvd1 66691 3.5 2.3 Nrsn1 22360 -1.5 -9.2 Sox7 20680 -1.1 4.6
Atp2c2 69047 -1.6 -9.1 Gar1 68147 -2.0 2.3 Nrtn 18188 -6.5 -27.7 Sox9 20682 1.4 -3.5
Atp4a 11944 -1.5 -3.6 Garem 381126 -10.0 1.5 Nrxn2 18190 -1.6 -6.4 Sp1 20683 1.0 3.2
Atp4b 11945 1.2 -4.3 Garem 381126 -5.4 -1.5 Nrxn2 18190 -3.7 -8.7 Sp100 20684 3.8 -1.8
Atp5b 11947 1.8 2.2 Gars 353172 -1.3 10.8 Nsa2 59050 -1.1 2.1 Sp100 20684 2.2 1.8
Atp5s 68055 -6.0 -2.0 Gart 14450 10.5 2.8 Nsa2 59050 1.4 9.2 Sp100 20684 2.3 2.8
Atp5s 68055 -2.1 1.5 Gart 14450 5.5 12.5 Nsd1 18193 -1.2 2.7 Sp110 109032 2.2 1.9
Atp6v0a1 11975 -1.2 7.6 Gas1 14451 -7.2 -3.7 Nsdhl 18194 -4.0 1.4 Sp3 20687 2.4 11.1
Atp6v0a2 21871 -2.5 -1.3 Gas2l1 78926 -2.3 1.2 Nsf 18195 3.2 2.4 Sp3os 100503849 -3.0 1.3
Atp6v0a2 21871 1.8 5.0 Gas2l3 237436 1.3 5.5 Nsfl1c 386649 2.0 1.5 Sp4 20688 -1.1 2.5
Atp6v0a2 21871 -1.2 4.3 Gas2l3 237436 9.4 3.8 Nsg1 18196 -2.3 1.1 Sp6 83395 -5.0 -33.0
Atp6v0a4 140494 -16.3 -1.6 Gas7 14457 3.3 -1.1 Nsl1 381318 2.3 -2.8 Sp6 83395 -3.2 -5.8
Atp6v0c 11984 2.9 1.6 Gas7 14457 3.2 -1.2 Nsmaf 18201 -3.5 3.6 Sp8 320145 -11.5 1.0
Atp6v0d1 11972 2.5 1.5 Gas8 104346 -2.4 -3.0 Nsmce2 68501 2.2 1.1 Spaca3 75622 1.0 -10.5
Atp6v0e 11974 -1.2 2.2 Gast 14459 1.1 -13.2 Nsmce2 68501 2.4 2.1 Spaca5 278203 2.2 -11.2
Atp6v0e2 76252 -8.7 -4.1 Gata1 14460 1.8 3.9 Nsmf 56876 1.5 -2.1 Spaca7 78634 -1.1 -3.0
Atp6v1a 11964 1.2 2.1 Gata2 14461 -23.6 -2.6 Nsmf 56876 -3.0 1.3 Spag11a 78128 -1.0 -2.3
Atp6v1b1 110935 1.3 -4.4 Gata2 14461 -6.1 -2.8 Nsun2 28114 -2.1 1.7 Spag4 245865 -1.7 -9.1
Atp6v1b2 11966 2.7 4.2 Gata3 14462 -9.8 -14.1 Nsun3 106338 -5.3 1.0 Spag4 245865 1.3 -2.4
Atp6v1c1 66335 -2.2 4.0 Gata5 14464 2.4 -3.9 Nsun4 72181 -1.5 5.4 Spag7 216873 2.1 1.6
Atp6v1e2 74915 1.4 -16.3 Gata6 14465 -4.1 -18.1 Nsun6 74455 3.1 3.1 Spag9 70834 2.7 -2.4
202
Atp6v1g1 66290 2.2 1.8 Gata6 14465 -5.7 -5.9 Nsun6 74455 -6.8 3.7 Spag9 70834 2.0 8.8
Atp6v1g2 66237 -1.6 -5.8 Gatad1 67210 2.0 1.3 Nsun6 74455 2.8 1.9 Spag9 70834 4.8 3.8
Atp6v1h 108664 1.4 4.8 Gatad2a 234366 1.6 3.1 Nt5c1b 70881 -1.0 -10.5 Spam1 20690 1.8 -2.6
Atp6v1h 108664 2.1 4.4 Gatad2b 229542 -1.5 10.9 Nt5c3 107569 1.1 2.3 Sparcl1 13602 -5.0 -3.3
Atp7a 11977 2.6 -1.2 Gatc 384281 -1.5 3.3 Nt5dc1 319638 1.3 -3.4 Spast 50850 -1.4 4.3
Atp7a 11977 1.1 10.1 Gatm 67092 4.5 1.5 Nt5dc2 70021 6.0 5.3 Spast 50850 1.2 9.2
Atp7b 11979 -1.0 -4.1 Gatsl3 71962 -1.9 7.5 Nt5dc3 103466 1.6 10.5 Spata1 70951 1.2 2.3
Atp8a1 11980 4.2 1.7 Gbas 14467 -3.4 1.0 Nt5m 103850 1.1 2.5 Spata13 219140 3.0 12.2
Atp8a1 11980 2.9 1.3 Gbf1 107338 4.8 14.5 Ntf5 78405 -10.9 -1.7 Spata19 75469 -3.3 -1.4
Atp8a2 50769 -10.7 -4.5 Gbp2 14469 5.6 2.7 Nthl1 18207 -2.7 -1.6 Spata2 263876 1.3 4.3
Atp8a2 50769 -9.0 1.1 Gbp3 55932 3.1 1.8 Ntmt1 66617 -1.8 -2.1 Spata2 263876 2.3 1.8
Atp8b1 54670 -25.9 1.0 Gbp5 229898 6.9 -1.2 Ntn1 18208 -16.5 -1.2 Spata20 217116 1.2 -7.6
Atp8b1 54670 -33.8 -2.8 Gbp7 229900 2.3 1.3 Ntn1 18208 -7.2 1.6 Spata20 217116 1.3 -11.3
Atp8b1 54670 -13.9 -2.8 Gbp8 76074 7.2 16.2 Ntn3 18209 1.0 -8.7 Spata21 329972 -1.5 -3.6
Atp8b1 54670 -8.4 -7.1 Gbp9 236573 2.0 -4.6 Ntn4 57764 -2.4 -2.1 Spata24 71242 -2.7 -12.5
Atp8b2 54667 2.2 2.1 Gbp9 236573 7.5 5.2 Ntn5 243967 1.4 -2.1 Spata31d1a 72219 1.3 -5.1
Atp8b3 67331 1.3 -2.3 Gbx1 231044 2.4 -2.6 Ntng2 171171 42.3 3.1 Spata31d1d 238663 1.3 -2.7
Atp8b3 67331 1.4 -6.2 Gbx2 14472 1.1 -5.1 Ntpcr 66566 4.3 2.8 Spata32 328019 1.3 -7.0
Atp8b4 241633 9.5 23.0 Gca 227960 8.6 3.3 Ntrk1 18211 -4.3 -5.2 Spata33 320869 -1.7 -13.3
Atp8b4 241633 7.3 7.0 Gcat 26912 -3.7 -1.4 Ntrk2 18212 1.1 -3.5 Spata5 57815 2.0 4.3
Atp8b5 320571 -3.3 -9.8 Gcc1 74375 -3.0 5.8 Ntsr1 18216 1.1 -4.4 Spata7 104871 -7.0 1.1
Atp8b5 320571 1.5 -14.8 Gcc2 70297 -1.6 3.5 Ntsr2 18217 1.6 -7.5 Spata9 75571 -11.9 1.9
Atp9a 11981 -12.9 -38.5 Gcc2 70297 -1.2 2.2 Nuak2 74137 3.1 2.1 Spatc1l 76573 -2.5 -4.6
Atpaf1 230649 -2.2 1.3 Gcdh 270076 -2.1 1.1 Nubp1 26425 1.5 3.9 Spats1 71020 -5.2 3.3
Atpaf2 246782 1.2 2.2 Gcfc2 330361 2.5 -1.0 Nubp1 26425 1.3 7.4 Spats2 72572 1.2 -13.3
Atr 245000 1.9 3.1 Gcg 14526 -1.3 -20.5 Nubp2 26426 3.1 2.9 Spats2l 67198 -4.8 -8.4
Atr 245000 -4.5 -1.3 Gcgr 14527 -21.5 -3.4 Nubpl 76826 -1.1 -2.8 Spats2l 67198 -1.5 -2.6
Atrn 11990 -5.6 -4.1 Gch1 14528 5.0 10.1 Nucb2 53322 2.1 1.6 Spcs3 76687 1.9 2.0
Atrn 11990 -5.1 -3.8 Gck 103988 3.0 -2.4 Nucks1 98415 1.5 2.6 Spcs3 76687 1.3 4.0
Atrn 11990 -10.5 -2.8 Gck 103988 1.2 -5.4 Nudcd1 67429 1.2 -2.7 Spdef 30051 1.1 -8.9
Atrnl1 226255 3.0 1.9 Gck 103988 1.6 -10.0 Nudt11 58242 -1.4 -2.2 Spdl1 70385 2.4 4.8
Atrnl1 226255 1.6 3.0 Gckr 231103 1.0 -2.9 Nudt12 67993 -10.6 -2.1 Spdyb 74673 1.0 -6.5
Atxn1 20238 1.6 -3.6 Gclc 14629 -2.8 -1.2 Nudt13 67725 -2.0 -3.1 Specc1 432572 4.4 2.2
Atxn10 54138 -2.9 -1.2 Gclm 14630 -2.9 -1.2 Nudt13 67725 -1.6 2.7 Speer2 224318 1.7 -5.0
Atxn10 54138 -4.2 -1.1 Gcm2 107889 -1.2 -3.0 Nudt14 66174 -3.9 -1.0 Speer4b 73526 1.0 -4.3
Atxn1l 52335 1.2 3.7 Gcn1l1 231659 4.4 2.0 Nudt16 75686 -2.5 -1.7 Speer7-ps1 75858 1.5 -8.3
Atxn2 20239 -2.1 1.2 Gcnt1 14537 1.4 2.2 Nudt18 213484 1.2 -2.4 Speer7-ps1 75858 1.0 -13.4
Atxn2 20239 -2.1 -1.2 Gcnt1 14537 1.7 2.5 Nudt18 213484 -2.1 -1.1 Speer9-ps1 73949 1.3 -17.8
Atxn2 20239 2.9 6.4 Gcnt2 14538 11.6 9.1 Nudt21 68219 -3.6 1.0 Spef1 70997 -1.6 -2.7
Atxn2 20239 1.4 6.9 Gcnt2 14538 3.8 22.9 Nudt21 68219 1.1 3.8 Spef1 70997 -2.5 -1.1
Atxn3 110616 4.7 4.4 Gda 14544 6.7 6.4 Nudt4 71207 -1.9 5.1 Speg 11790 1.2 -3.1
Atxn7l1 380753 1.2 -8.4 Gda 14544 15.2 4.4 Nudt6 229228 -1.3 -4.8 Speg 11790 -1.8 -2.2
Atxn7l2 72522 -1.2 -4.7 Gdap1 14545 1.5 5.5 Nudt6 229228 -9.2 2.5 Spem1 74288 1.7 2.5
Atxn7l3b 382423 1.5 2.9 Gdap10 100504486 3.1 7.7 Nudt6 229228 3.2 -3.4 Spen 56381 2.5 -1.6
AU018823 106982 2.3 -6.2 Gdap1l1 228858 -1.2 -5.9 Nufip1 27275 -1.1 4.5 Spert 67926 1.1 -2.3
AU020206 100504230 3.3 4.1 Gdf10 14560 -3.4 -1.1 Nufip1 27275 -2.9 -1.2 Spesp1 66712 -1.1 -26.2
AU021092 239691 -1.2 -21.4 Gdf15 23886 2.5 -1.7 Nufip1 27275 1.7 3.4 Spg11 214585 1.3 3.4
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AU040320 100317 -2.1 1.2 Gdf3 14562 37.7 7.1 Nufip2 68564 1.2 3.0 Spg11 214585 5.0 1.7
Auh 11992 -1.3 5.4 Gdf5 14563 -1.2 -2.9 Nufip2 68564 2.2 15.3 Spg21 27965 2.4 1.4
Aurka 20878 1.5 2.3 Gdf9 14566 -1.4 2.2 Numa1 101706 -2.0 -1.6 Spg7 234847 -1.7 3.6
Auts2 319974 -15.6 -3.1 Gdi2 14569 2.4 1.9 Numa1 101706 1.1 7.5 Sphk1 20698 -1.6 3.4
Auts2 319974 -15.7 -23.9 Gdpd1 66569 -3.8 -2.4 Numb 18222 -2.8 1.6 Spi1 20375 4.1 1.6
Auts2 319974 1.0 -3.8 Gdpd1 66569 -4.4 -1.1 Numb 18222 -2.8 -2.7 Spib 272382 2.2 -2.8
AV039307 100502700 -1.1 -6.2 Gdpd4 233537 1.0 -2.8 Numb 18222 -3.3 -1.8 Spice1 212514 -6.8 -1.1
Avp 11998 1.1 -4.4 Gdpd5 233552 -3.3 -13.4 Numbl 18223 1.8 -4.2 Spidr 224008 2.9 1.5
Avpr1b 26361 1.0 -3.1 Gemin2 66603 1.7 2.6 Nup107 103468 -3.6 7.0 Spin2d 100504429 1.7 -2.3
AW112010 107350 2.4 3.5 Gemin2 66603 1.1 6.2 Nup153 218210 1.2 3.2 Spin4 270624 -12.7 -2.1
AW495222 105364 1.6 -13.2 Gemin4 276919 -33.3 -2.4 Nup153 218210 1.2 2.8 Spink3 20730 -1.8 -5.9
AW551984 244810 -8.2 -20.7 Gemin6 67242 -3.1 2.8 Nup155 170762 2.1 4.5 Spint1 20732 1.1 3.6
AW552889 102787 3.3 -18.8 Gemin8 237221 -4.2 -1.9 Nup160 59015 1.1 2.7 Spint2 20733 -10.4 -7.4
AW554918 225289 -6.2 -3.5 Gemin8 237221 -15.2 -3.2 Nup160 59015 1.2 3.5 Spn 20737 1.6 -3.6
Axin1 12005 3.0 1.8 Gfap 14580 -1.1 -5.9 Nup188 227699 2.1 -1.7 Spn 20737 -2.6 1.1
Axl 26362 6.1 9.9 Gfm2 320806 1.0 4.7 Nup210l 77595 -10.6 -5.7 Spn-ps 20738 1.0 -2.4
AY761185 100503970 2.4 2.6 Gfm2 320806 1.5 2.6 Nup214 227720 -1.2 -4.0 Spns3 77577 -1.3 -3.3
Aym1 503692 -1.2 -8.5 Gfod1 328232 10.7 5.7 Nup214 227720 1.3 -6.4 Spo11 26972 2.1 -10.3
Azgp1 12007 -13.7 -4.7 Gfod2 70575 -1.3 -17.5 Nup43 69912 -4.1 -1.2 Spo11 26972 1.3 -3.1
Azi2 27215 2.0 3.5 Gfpt1 14583 1.3 9.5 Nup50 18141 -1.2 2.9 Spock2 94214 -17.1 -6.9
Azi2 27215 1.1 3.9 Gfpt1 14583 -1.8 2.7 Nup54 269113 2.2 4.9 Spock2 94214 -5.2 -14.0
Azin1 54375 2.6 1.1 Gfra1 14585 -14.6 -8.0 Nup62 18226 2.6 2.1 Spock2 94214 -1.5 -6.1
B130024G19Rik 434198 -2.7 -1.6 Gfra3 14587 1.1 -3.6 Nup62cl 279706 1.0 -7.1 Spon1 233744 13.7 22.2
B130040O20Rik 320962 2.2 5.7 Gfra4 14588 2.8 -2.3 Nup88 19069 1.3 2.3 Spopl 76857 2.6 1.7
B130052P14Rik 105442 1.2 2.9 Gga2 74105 -4.5 -1.3 Nup88 19069 2.4 2.2 Spp1 20750 18.4 147.7
B130063F10Rik 320529 1.0 4.1 Gga3 260302 2.9 2.1 Nup98 269966 2.4 2.1 Sppl2a 66552 4.3 2.8
B230206H07Rik 320871 -15.2 -4.7 Ggact 223267 -5.1 -3.3 Nupl1 71844 1.6 4.8 Sppl2a 66552 1.3 2.2
B230206H07Rik 320871 -4.8 1.1 Ggact 223267 -5.5 -5.4 Nupl1 71844 2.6 6.3 Sppl2a 66552 -1.7 5.3
B230208H11Rik 320273 -5.8 -5.7 Ggct 110175 -2.1 -2.4 Nupr1 56312 3.5 1.7 Sppl2a 66552 1.6 2.4
B230214O09Rik 319319 -1.5 10.6 Ggct 110175 -2.0 4.2 Nupr1l 69034 -2.4 -3.2 Sppl2c 237958 1.3 -7.9
B230319C09Rik 320775 1.3 -2.2 Ggcx 56316 1.3 8.5 Nupr1l 69034 -21.7 -1.4 Spred1 114715 22.9 2.9
B230354K17Rik 320063 -2.2 2.0 Ggh 14590 1.4 4.0 Nus1 52014 1.3 2.6 Spred1 114715 3.4 1.1
B230354K17Rik 320063 1.5 -4.6 Ggn 243897 2.4 1.0 Nusap1 108907 2.4 -2.7 Spred2 114716 -2.2 1.6
B230369F24Rik 320110 -1.6 5.4 Ggnbp1 70772 -2.3 -1.5 Nutf2 68051 -4.2 2.8 Spred2 114716 -3.9 7.1
B2m 12010 9.3 4.5 Ggnbp1 70772 1.0 -26.3 Nwd1 319555 2.1 -3.4 Sprr1a 20753 -4.0 -3.9
B330016D10Rik 320456 -5.4 1.4 Ggps1 14593 -8.0 2.3 Nwd1 319555 -1.8 -3.4 Sprr1b 20754 -1.0 -2.9
B3galt1 26877 1.1 -22.7 Ggps1 14593 -1.4 2.9 Nxn 18230 -6.6 -4.0 Sprr3 20766 2.0 -7.7
B3galt2 26878 -1.1 3.7 Ggt5 23887 2.4 -1.6 Nxn 18230 -9.1 -1.5 Spry1 24063 -2.1 -2.4
B3galt2 26878 1.5 -3.7 Ggt5 23887 2.3 1.9 Nxpe4 244853 6.0 2.6 Spsb1 74646 3.4 1.5
B3gat1 76898 3.2 -1.3 Ggt7 207182 1.2 2.7 Nxpe4 244853 -2.0 -4.2 Spsb1 74646 9.0 1.5
B3gat2 280645 -1.3 -6.1 Gh 14599 -3.1 -6.4 Nxpe5 381680 9.2 1.9 Spsb1 74646 4.2 2.6
B3gnt7 227327 2.0 2.6 Ghdc 80860 3.6 1.9 Nxph1 18231 -2.1 -1.2 Spsb3 79043 -1.3 2.1
B3gnt7 227327 1.0 -12.4 Ghitm 66092 1.2 2.3 Nxph1 18231 1.0 -15.5 Spsb4 211949 1.0 3.6
B3gnt8 232984 10.9 3.6 Ghr 14600 -3.4 1.3 Nxph3 104079 -1.1 -6.9 Spsb4 211949 10.2 17.9
B3gnt9 97440 -4.0 9.4 Ghrh 14601 5.6 -1.4 Nxph4 104080 1.3 -4.1 Sptan1 20740 5.0 11.9
B3gntl1 210004 1.2 -7.3 Ghrhr 14602 1.3 -21.6 Oaf 102644 1.2 11.3 Sptb 20741 1.6 -18.7
B430306N03Rik 320148 87.1 8.1 Ghrl 58991 -6.2 -4.9 Oard1 106821 -2.0 1.3 Sptb 20741 1.1 -2.5
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B4galnt1 14421 10.6 5.5 Ghsr 208188 1.2 -4.0 Oas1a 246730 6.1 2.5 Sptbn1 20742 -3.7 -1.9
B4galnt1 14421 2.0 4.4 Gid4 66771 1.3 -2.6 Oas1b 23961 1.8 2.8 Sptbn1 20742 -2.7 -1.3
B4galt2 53418 3.2 -4.5 Gigyf2 227331 -2.6 6.8 Oas1d 100535 1.2 -5.4 Sptbn1 20742 -3.8 -2.0
B4galt3 57370 1.1 2.7 Gimap7 231932 1.6 -13.5 Oas1e 231699 -2.7 -1.4 Sptbn2 20743 -5.5 -5.8
B4galt4 56375 -2.1 -1.3 Gimap9 317758 2.4 -1.5 Oas1f 243262 3.1 2.1 Sptbn4 80297 -1.3 -13.6
B4galt5 56336 4.3 2.5 Ginm1 215751 1.6 3.6 Oas1h 246729 -5.8 -1.0 Sptlc1 268656 -1.7 2.0
B630005N14Rik 101148 7.1 3.0 Gins1 69270 2.1 1.1 Oas2 246728 5.1 3.2 Sptlc2 20773 2.1 -1.8
B830017H08Rik 433004 2.2 -11.1 Gipc1 67903 -1.9 -2.5 Oas2 246728 21.7 4.8 Sptlc2 20773 2.1 -2.4
B930025P03Rik 320014 -1.0 -3.0 Gipc2 54120 -2.2 1.2 Oas3 246727 9.2 8.1 Sptlc3 228677 -9.7 -1.4
B930036N10Rik100048917 6.2 1.5 Gipr 381853 -1.0 -2.4 Oas3 246727 6.4 4.6 Sptssb 66183 -6.4 -6.6
B930041F14Rik 230991 -13.4 -8.3 Gja1 14609 1.2 13.0 Oasl1 231655 16.0 5.4 Spty2d1 101685 2.6 12.0
B930049G02Rik 319796 1.3 3.4 Gja10 14610 -1.7 -15.4 Oasl2 23962 4.9 2.7 Spty2d1 101685 1.9 4.1
B930069K15Rik 320414 4.6 3.5 Gja3 14611 -1.2 -3.9 Oat 18242 3.7 2.8 Srcap 100043597 1.2 6.8
B930095G15Rik 320268 -6.7 -1.1 Gja4 14612 -3.0 -8.2 Oaz2 18247 -2.4 2.8 Srcin1 56013 3.0 -5.2
B930095M22Rik 320124 1.4 -4.9 Gja5 14613 1.4 -5.7 Oaz3 53814 1.0 -15.3 Srcin1 56013 -1.5 -25.7
B9d1 27078 -3.7 -6.4 Gja5 14613 -1.4 -16.9 Obfc1 108689 -1.4 2.2 Srd5a1 78925 -13.2 -6.2
B9d2 232987 3.4 -1.1 Gjb3 14620 -49.3 -3.0 Obscn 380698 -4.2 -3.3 Srd5a1 78925 -8.7 1.1
Baalc 118452 1.8 -7.0 Gjb4 14621 1.8 -3.5 Obscn 380698 -1.0 -8.4 Srd5a1 78925 -5.9 -3.7
Babam1 68251 2.4 1.2 Gjb5 14622 1.3 -3.5 Oc90 18256 1.5 -5.4 Srebf1 20787 -3.8 -1.8
Bace2 56175 -16.6 -5.3 Gjb6 14623 -6.4 -12.0 Ocel1 77090 2.9 -1.5 Srek1 218543 -2.1 8.1
Bace2 56175 -19.6 -2.4 Gjb6 14623 -10.5 -9.3 Ociad2 433904 -11.7 -7.1 Srek1 218543 -1.2 19.7
Bach1 12013 3.7 2.3 Gjc2 118454 -1.4 -3.8 Ocln 18260 -8.9 1.7 Srek1 218543 -2.0 1.6
Bach2 12014 1.4 3.1 Gjc3 118446 1.3 -4.5 Ocm 18261 -5.6 1.1 Srek1 218543 -3.0 1.3
Bag2 213539 1.5 -6.0 Gjd3 353155 -4.7 -1.8 Ocrl 320634 2.0 4.6 Srek1ip1 67288 1.1 2.1
Bag4 67384 -4.8 2.4 Gk2 14626 -1.0 -4.0 Ocrl 320634 1.4 9.1 Srgap1 117600 -3.7 -8.9
Bahcc1 268515 -4.3 1.1 Gkn1 66283 1.0 -2.5 Ocstamp 74614 18.5 20.1 Srgap1 117600 -14.8 1.1
Bahd1 228536 3.0 -1.4 Gla 11605 4.5 4.4 Odc1 18263 2.0 2.6 Srgap1 117600 -7.8 1.6
Bai1 107831 2.2 -10.7 Gla 11605 3.2 9.9 Odf1 18285 1.0 -10.6 Srgap1 117600 -9.7 -13.9
Bai1 107831 -1.3 -7.1 Glb1l2 244757 -24.6 -5.2 Odf2 18286 -1.2 2.1 Srgap1 117600 1.1 2.1
Bai2 230775 1.0 -5.2 Glcci1 170772 -1.1 3.7 Odf2 18286 2.4 2.3 Srgap2 14270 3.8 5.4
Bai2 230775 3.2 -6.2 Glcci1 170772 1.9 3.6 Odf2l 52184 -1.7 2.8 Srgn 19073 5.5 3.9
Baiap2l1 66898 -4.4 1.7 Glce 93683 -2.1 1.8 Odf3 69287 -1.0 -2.5 Srl 106393 1.6 -4.8
Baiap2l2 207495 -5.3 1.2 Glce 93683 -2.0 1.0 Odf4 252868 -1.3 -10.2 Srms 20811 -4.8 -60.9
Baiap3 545192 -7.8 -2.0 Gle1 74412 4.2 1.6 Ofcc1 218165 1.5 -6.2 Srp9 27058 2.3 5.3
Bak1 12018 2.9 3.9 Gle1 74412 -1.8 4.4 Ofd1 237222 -2.4 4.1 Srpk2 20817 -2.1 2.0
Bak1 12018 1.4 -2.2 Gle1 74412 -1.6 3.1 Ogdhl 239017 1.4 -9.5 Srpk2 20817 -1.3 4.2
Banf2 403171 1.3 -35.5 Gli2 14633 -3.9 1.4 Ogfod1 270086 2.1 1.2 Srpk2 20817 -6.1 3.1
Bank1 242248 11.6 -1.4 Gli2 14633 -2.0 -3.7 Ogfod1 270086 -1.8 2.0 Srprb 20818 2.4 3.9
Banp 53325 2.1 2.1 Gli3 14634 -4.4 1.3 Ogfod2 66627 -1.3 -7.9 Srpx 51795 2.0 1.2
Bap1 104416 1.4 -2.6 Glipr1 73690 2.7 2.9 Ogfod3 66179 -1.6 -2.4 Srpx2 68792 1.2 -7.7
Barhl2 104382 -1.1 -3.1 Glipr2 384009 2.9 3.1 Ogfr 72075 4.5 1.7 Srr 27364 -1.2 2.2
Barhl2 104382 -1.2 -18.9 Glis2 83396 -2.0 -2.6 Ogfr 72075 2.0 -1.2 Srr 27364 1.6 6.4
Barx2 12023 -2.3 -3.7 Glis3 226075 3.2 1.7 Ogfrl1 70155 2.2 1.6 Srr 27364 -5.3 1.0
Basp1 70350 2.5 3.8 Glo1 109801 -2.2 -1.1 Ogfrl1 70155 2.4 3.5 Srrm1 51796 3.1 -1.3
Batf 53314 2.5 2.2 Glp1r 14652 1.0 -2.1 Ogg1 18294 1.7 2.9 Srrm1 51796 1.0 2.9
Batf2 74481 3.9 -1.0 Glp2r 93896 1.5 -3.3 Ogn 18295 -7.4 -2.7 Srrm1 51796 -1.1 3.2
Batf3 381319 2.4 -1.0 Glra3 110304 1.3 2.7 Ogt 108155 -1.9 2.8 Srrm3 58212 3.6 1.7
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Bax 12028 1.7 2.7 Glrx 93692 2.3 2.2 Oit1 18300 -5.8 -5.2 Srrm4 68955 1.5 -4.2
Baz1a 217578 6.9 4.1 Glrx2 69367 -2.6 -1.2 Oit3 18302 -1.1 -8.2 Srsf10 14105 1.2 2.8
Baz1a 217578 9.5 16.3 Gls 14660 -1.4 3.6 Olfm1 56177 2.1 2.4 Srsf10 14105 1.0 5.4
Baz1a 217578 2.1 9.1 Gls 14660 1.8 4.8 Olfm2 244723 -1.4 -3.1 Srsf11 69207 -1.7 3.9
Baz2a 116848 -1.4 2.4 Gls 14660 -1.6 10.0 Olfm4 380924 1.8 -4.0 Srsf12 272009 -1.1 -15.1
Baz2a 116848 3.3 1.8 Gls2 216456 1.1 -12.2 Olfml2a 241327 -16.9 -7.6 Srsf3 20383 1.2 4.8
BB031773 100473 -1.0 -2.4 Glt1d1 319804 -1.0 -34.7 Olfml2a 241327 -5.3 -2.6 Srsf3 20383 2.7 6.1
Bbc3 170770 2.8 -1.1 Gltpd2 216871 1.0 -2.6 Olfml2a 241327 -22.8 -1.3 Srsf6 67996 1.5 3.9
Bbip1 100503572 -3.7 -2.7 Gltscr1l 210982 -2.0 2.2 Olfml2b 320078 2.0 -2.1 Srsf6 67996 -1.7 2.3
Bbox1 170442 -22.8 -1.1 Glul 14645 -1.1 -2.3 Olfml3 99543 6.3 2.7 Srsf7 225027 1.3 4.1
Bbs10 71769 1.3 -11.9 Glul 14645 -1.5 -2.1 Olfml3 99543 -2.9 -3.4 Srst 20819 1.7 -6.3
Bbs12 241950 1.0 -5.3 Glycam1 14663 1.0 -2.4 Olfr1000 257899 -1.0 -10.6 Srxn1 76650 1.4 3.6
Bbs4 102774 -1.5 -6.0 Glyctk 235582 -1.1 -14.0 Olfr1010 258255 2.5 -4.5 Sry 21674 1.1 -10.9
Bbs4 102774 -4.1 2.5 Gm10021 622931 -34.1 -1.3 Olfr1012 258561 1.4 -2.5 Ssb 20823 -1.1 3.1
Bbs5 72569 2.5 4.1 Gm10030 791282 -1.8 -2.1 Olfr103 258830 4.5 -1.4 Ssbp2 66970 -3.5 -1.7
Bbs7 71492 -1.0 -2.5 Gm10033 378466 -1.3 3.4 Olfr1036 258245 2.7 -6.6 Ssbp3 72475 -2.8 -1.6
Bbx 70508 -2.1 3.3 Gm10034 100125977 -1.3 -9.1 Olfr1043 258570 1.4 -2.9 Ssc5d 269855 -7.0 -6.8
Bbx 70508 -2.8 2.4 Gm10057 625650 2.4 -12.6 Olfr104-ps 257948 2.7 -6.6 Ssfa2 70599 2.8 18.5
BC002189 620316 1.1 -2.7 Gm10101 328388 1.3 -3.9 Olfr1054 259021 -1.2 -11.9 Ssh1 231637 1.9 2.2
BC005537 79555 1.1 2.1 Gm10158 791310 3.4 -1.5 Olfr1056 259020 -3.5 1.0 Ssh1 231637 1.2 2.7
BC005537 79555 1.1 14.0 Gm10228 100040214 -2.0 -7.8 Olfr1065 258403 3.5 1.2 Ssh3 245857 2.0 2.6
BC005764 216152 1.6 -4.5 Gm10229 100040201 1.0 -6.7 Olfr1076 258401 1.7 2.2 Sspn 16651 -2.4 -9.3
BC010981 407830 2.1 5.3 Gm10336 328186 1.5 5.0 Olfr108 258457 1.0 -4.8 Sspo 243369 1.2 -5.2
BC016548 211039 1.1 -3.1 Gm10404 100093715 2.3 1.4 Olfr1093 258363 1.2 -12.5 Ssr1 107513 1.4 3.0
BC016579 212998 1.1 -2.0 Gm10413 100041774 -1.2 -9.1 Olfr1097 258840 1.2 -5.6 Ssr1 107513 -2.2 3.7
BC017158 233913 -2.3 1.5 Gm10413 100041774 1.1 -4.0 Olfr1099 258764 1.8 -8.1 Sst 20604 1.0 -13.9
BC017643 217370 4.7 1.4 Gm10627 100049570 4.6 -3.3 Olfr1101 258584 -1.1 -17.4 Sstr2 20606 -1.3 -4.4
BC017643 217370 7.4 -1.4 Gm10658 100038566 1.1 -2.4 Olfr1106 258747 1.0 -4.1 Sstr3 20607 1.5 -4.2
BC018242 235044 2.0 -21.4 Gm10817 321016 1.5 -3.1 Olfr111 545205 2.2 3.2 Sstr4 20608 1.1 -2.6
BC021614 225884 -5.8 2.4 Gm10997 100379607 3.1 1.5 Olfr112 258096 1.0 -2.1 Ssu2 243612 3.2 -3.4
BC021785 215928 4.9 -2.0 Gm10997 100379607 1.9 6.7 Olfr1121 258345 -1.2 -3.3 Ssu2 243612 -1.3 -12.1
BC021785 215928 2.0 -5.6 Gm11149 100036537 3.7 -15.6 Olfr1124 259030 1.0 -4.7 Ssu2 243612 -4.1 -2.6
BC021891 234878 1.1 -4.9 Gm11346 76024 1.1 -8.3 Olfr113 258286 1.5 -9.5 Ssx2ip 99167 -1.6 -4.6
BC022713 269739 -1.1 -2.1 Gm11545 217122 1.7 2.8 Olfr1131 258652 2.4 -2.0 St13 70356 -1.0 3.8
BC024137 234757 -6.3 1.4 Gm11559 100415785 -4.0 -2.5 Olfr114 258284 -3.0 -39.5 St14 19143 -18.5 -2.6
BC024139 271278 5.5 -102.5 Gm11568 432600 1.1 -4.1 Olfr1140 258635 1.1 -3.0 St14 19143 -15.6 -1.8
BC027072 225004 1.0 -2.9 Gm11651 100379610 1.2 -2.0 Olfr1148 258220 1.9 -14.2 St18 240690 1.7 -2.5
BC028528 229600 3.1 1.9 Gm11767 100379611 -6.7 4.5 Olfr1151 258631 1.3 -5.4 St18 240690 1.1 -4.5
BC030336 233812 -1.3 2.3 Gm11938 100041412 1.4 -2.3 Olfr1160 258643 1.0 -7.3 St3gal1 20442 1.8 4.0
BC030867 217216 1.9 -3.3 Gm11938 100041412 -1.0 -5.9 Olfr1170 258525 1.6 -5.8 St3gal2 20444 3.0 -1.0
BC037034 231807 3.4 -1.0 Gm11961 327860 -1.5 -7.2 Olfr1178 258203 1.6 -4.7 St3gal4 20443 1.6 4.3
BC038268 100038756 2.1 -4.8 Gm11992 626870 1.1 -15.9 Olfr1181 258060 1.0 -2.9 St3gal5 20454 1.6 2.2
BC048403 270802 3.3 1.5 Gm12100 100381257 1.0 -8.8 Olfr1182 258167 1.0 -27.2 St5 76954 -5.0 -1.5
BC048403 270802 -1.1 3.0 Gm12185 620913 3.3 2.5 Olfr1196 258456 1.0 -7.1 St5 76954 -4.0 -1.2
BC048507 408058 2.4 -2.4 Gm12250 631323 3.9 14.0 Olfr1198 404330 1.9 -2.0 St6gal1 20440 3.9 -1.3
BC048562 434439 -1.0 -3.7 Gm12569 622699 -1.2 -8.3 Olfr1199 258450 2.1 -1.2 St6gal1 20440 5.9 2.8
BC049635 277773 1.0 -2.4 Gm128 229588 3.6 2.1 Olfr12 257890 1.1 -2.3 St6gal2 240119 -1.3 -2.1
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BC051628 332713 1.2 -2.3 Gm12830 433746 3.0 -3.1 Olfr120 258624 -2.1 -11.6 St6galnac2 20446 -12.4 -3.2
BC051665 218275 1.9 -4.2 Gm12830 433746 1.2 -17.1 Olfr1205 258898 1.3 -2.9 St6galnac2 20446 -12.2 -8.3
BC052040 399568 -2.5 -1.7 Gm12942 100039968 -18.0 -1.0 Olfr1206 258896 -1.0 -9.3 St6galnac4 20448 2.3 -1.5
BC053393 407814 1.0 -2.3 Gm13139 666532 1.9 3.5 Olfr1206 258896 -1.3 -6.2 St6galnac5 26938 -1.2 -11.9
BC055111 242602 1.1 -3.2 Gm13157 100041677 1.2 2.1 Olfr1208 258774 -6.6 -2.6 St6galnac6 50935 2.3 -1.2
BC061194 381350 -1.0 -2.1 Gm13219 100040710 -37.3 -14.3 Olfr1215 258451 2.0 -18.5 St6galnac6 50935 4.3 1.3
BC065397 436230 -1.2 7.7 Gm13219 100040710 -5.3 -1.3 Olfr1217 258903 -1.0 -6.4 St7 64213 -1.9 5.9
BC089491 280621 -1.4 -2.9 Gm13238 236069 5.2 2.4 Olfr1218 258815 1.7 -2.3 St7 64213 2.5 -1.4
BC089597 216454 2.6 -2.8 Gm13288 668208 -1.7 -3.6 Olfr1219 258901 -1.0 -3.5 St7l 229681 3.8 4.3
BC100530 100034684 35.2 4.9 Gm13777 279067 -2.1 -1.6 Olfr1222 258177 1.2 -3.0 St8sia1 20449 -2.4 -2.8
Bcam 57278 -3.5 -6.2 Gm14023 100503468 74.2 43.9 Olfr1225 258893 -9.6 -21.0 St8sia2 20450 1.3 -22.2
Bcan 12032 1.5 -17.2 Gm14295 100039123 -1.7 2.0 Olfr1226 258969 1.4 -2.1 St8sia3 20451 1.0 -11.1
Bcar1 12927 -10.8 -5.6 Gm14325 329575 -1.5 2.2 Olfr123 258623 1.3 -9.7 St8sia4 20452 2.9 1.3
Bcas3 192197 -1.1 -2.7 Gm14420 628308 -4.9 -1.9 Olfr1230 258785 -1.3 -16.3 St8sia4 20452 3.8 6.2
Bcas3os2 78420 2.1 7.8 Gm14420 628308 1.1 2.3 Olfr1231 258446 2.5 1.2 St8sia5 225742 -1.1 -6.0
Bcat1 12035 1.3 -11.7 Gm14446 667373 1.6 2.4 Olfr1232 258320 1.0 -8.2 St8sia5 225742 3.6 -9.0
Bcat2 12036 1.3 -2.3 Gm14446 667373 1.1 14.2 Olfr124 259064 1.5 -5.9 St8sia6 241230 -5.7 -2.6
Bckdha 12039 -2.2 -1.1 Gm14496 672125 4.5 -3.7 Olfr1240 258804 1.0 -12.7 St8sia6 241230 -4.5 -3.5
Bckdhb 12040 -3.9 1.8 Gm14964 100008567 -5.5 -2.4 Olfr1245 258784 3.2 -7.0 Stab2 192188 2.3 -6.1
Bckdhb 12040 -3.6 -1.3 Gm15328 328906 1.0 -2.1 Olfr125 258287 1.1 -14.3 Stac 20840 1.7 -10.0
Bcl10 12042 2.9 5.1 Gm15411 100039964 -2.4 1.4 Olfr1258 258980 -3.0 -5.8 Stac2 217154 -1.0 -3.3
Bcl2 12043 -1.1 -2.7 Gm15545 100502630 -1.1 2.1 Olfr126 258892 -1.2 -13.6 Stac3 237611 1.4 -2.1
Bcl2a1b 12045 14.4 13.9 Gm1564 268491 1.3 2.7 Olfr1260 258983 1.1 -3.2 Stag1 20842 1.9 12.4
Bcl2a1c 12046 33.7 34.6 Gm15708 100504231 3.0 4.6 Olfr1263 258790 -1.0 -3.3 Stag2 20843 1.7 4.8
Bcl2l11 12125 2.9 4.2 Gm15787 100504007 1.2 2.5 Olfr1264 258206 -1.3 -3.6 Stag2 20843 1.3 -5.0
Bcl2l11 12125 8.8 4.8 Gm1631 381371 1.6 -14.1 Olfr127 258374 1.0 -13.7 Stam 20844 -1.2 5.6
Bcl2l14 66813 -23.5 -2.8 Gm16367 545762 1.0 -3.0 Olfr1271 258789 -1.6 2.4 Stam 20844 1.6 3.6
Bcl2l14 66813 -4.3 -1.0 Gm16386 100042679 1.3 2.6 Olfr1273-ps 258977 4.6 -2.2 Stambpl1 76630 1.2 4.8
Bcl2l2 12050 -2.8 1.2 Gm16404 100039055 3.1 -1.4 Olfr1274-ps 258330 1.0 -2.2 Stambpl1 76630 1.9 -4.4
Bcl3 12051 4.1 -1.2 Gm16486 637079 2.4 1.2 Olfr128 383243 -1.6 -20.8 Stamos 70957 -3.3 -1.2
Bcl6 12053 1.2 2.0 Gm16489 628926 -1.0 -2.1 Olfr1280 258910 1.1 -11.7 Stap1 56792 3.3 2.3
Bcl6b 12029 -2.7 -2.2 Gm16491 100379127 1.4 6.3 Olfr1282 258909 1.8 -6.3 Stap1 56792 6.8 14.9
Bcl7a 77045 -6.4 -5.9 Gm16499 100049166 -26.4 -7.3 Olfr1284 258379 2.6 -3.8 Stap2 106766 -3.5 -4.6
Bcl7b 12054 2.7 -2.3 Gm16515 24083 -2.1 -1.1 Olfr1288 258395 1.3 2.3 Star 20845 2.8 1.7
Bcl7c 12055 2.6 1.3 Gm16532 100042450 -1.4 -13.7 Olfr1289 258399 1.0 -3.3 Stard10 56018 -5.0 -3.8
Bcl7c 12055 3.2 -1.9 Gm16551 100503019 -1.2 -24.5 Olfr1294 258887 1.0 -4.2 Stard10 56018 -6.6 -3.4
Bcl7c 12055 2.2 -1.0 Gm166 233899 -1.8 -5.5 Olfr1298 258888 1.0 -2.4 Stard13 243362 -7.3 -1.3
Bcl9l 80288 -1.1 -10.1 Gm1661 381544 1.2 -4.1 Olfr130 258480 1.9 -3.2 Stard13 243362 -3.4 1.2
Bclaf1 72567 -2.1 1.2 Gm16740 100504029 1.6 2.0 Olfr1305 258396 -1.0 -20.5 Stard3 59045 2.1 2.0
Bclaf1 72567 2.8 1.3 Gm16897 320400 -2.7 -10.1 Olfr1306 258023 1.2 -8.8 Stard4 170459 3.4 4.9
Bcorl1 320376 1.1 -8.0 Gm16982 100036523 3.1 2.1 Olfr1307 257956 1.0 -25.7 Stard5 170460 -2.2 -1.4
Bcr 110279 -4.2 -2.1 Gm17066 100502987 1.1 3.1 Olfr1309 258439 -1.0 -5.4 Stard5 170460 -3.4 -2.7
Bdh1 71911 -13.2 -5.9 Gm17296 212728 3.4 6.2 Olfr1313 258257 1.0 -5.1 Stard9 668880 2.5 5.7
Bdkrb2 12062 2.1 -5.8 Gm1943 384864 2.3 4.6 Olfr1316 258737 1.2 -3.0 Stat1 20846 2.9 5.6
Bdp1 544971 1.4 4.0 Gm19466 100502945 -8.5 4.0 Olfr1317 258440 4.3 3.4 Stat1 20846 4.8 1.8
Bdp1 544971 1.3 3.2 Gm1965 434065 -3.9 -5.8 Olfr1331 258159 1.1 -2.2 Stat1 20846 5.0 5.6
Bdp1 544971 1.2 9.4 Gm1966 434223 2.5 1.5 Olfr1336 258917 -1.9 -11.6 Stat1 20846 2.3 5.5
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Bean1 65115 1.0 -10.4 Gm1966 434223 2.4 1.7 Olfr134 258829 1.7 -6.7 Stat1 20846 3.1 2.5
Becn1 56208 1.3 2.4 Gm19665 100503384 14.3 7.0 Olfr134 258829 1.0 -7.7 Stat2 20847 5.0 5.8
Bend3 331623 -1.5 2.0 Gm19692 100503438 -3.2 -3.3 Olfr1344 257882 1.5 -13.6 Stat3 20848 7.8 -2.3
Bend3 331623 3.2 -1.1 Gm19705 100503460 3.9 5.6 Olfr1346 258918 1.3 -33.6 Stat4 20849 20.9 4.0
Bend5 67621 -10.8 -1.6 Gm20274 100504538 -2.1 -1.2 Olfr1348 258915 1.3 -5.2 Stat5a 20850 2.1 1.5
Bend7 209645 -7.0 1.3 Gm20555 328516 3.0 10.2 Olfr1349 269862 -1.1 -2.6 Stat5b 20851 2.6 1.9
Best1 24115 7.9 2.7 Gm20559 330256 2.0 1.4 Olfr1354 259163 -5.2 -2.5 Stat6 20852 2.4 1.4
Best1 24115 10.6 13.2 Gm20740 432958 1.4 -3.5 Olfr1356 258305 1.2 -3.7 Stat6 20852 2.5 2.1
Best2 212989 3.2 -8.6 Gm20758 629206 -3.6 1.2 Olfr1358 258224 1.3 -2.2 Stau1 20853 3.2 -1.1
Bet1 12068 -1.3 3.3 Gm20767 639910 1.2 -3.0 Olfr1359 258067 -1.1 -2.7 Stau2 29819 -2.9 1.5
Bfsp2 107993 5.7 1.0 Gm21276 100861861 1.6 2.2 Olfr1359 258067 1.1 -13.2 Stau2 29819 -2.9 1.4
Bfsp2 107993 -5.9 -3.6 Gm21464 100862085 -2.6 -1.2 Olfr1362 258739 1.9 -6.5 Stbd1 52331 1.2 -2.5
Bglap3 12095 -2.9 -11.1 Gm2366 100039673 -13.8 -7.2 Olfr1364 258533 1.0 -28.8 Stbd1 52331 1.9 -34.5
Bhlha15 17341 -1.4 -11.6 Gm2373 100039691 1.8 -7.4 Olfr1366 258280 1.0 -2.3 Stc1 20855 -10.9 1.0
Bhlha15 17341 -5.3 1.0 Gm2716 100040328 -1.1 -5.9 Olfr1371 276865 3.8 -28.9 Stc1 20855 -6.5 2.2
Bhlha9 320522 1.2 -6.2 Gm2a 14667 2.7 3.1 Olfr1372-ps1 257871 -4.0 1.1 Steap1 70358 -3.4 -1.5
Bhlhb9 70237 -4.8 1.1 Gm2a 14667 2.2 1.9 Olfr1372-ps1 257871 -9.7 -3.2 Steap3 68428 2.1 2.5
Bhlhe40 20893 4.7 12.3 Gm3002 100040852 -8.2 3.5 Olfr1377 258913 1.0 -5.0 Steap4 117167 2.5 1.7
Bhlhe41 79362 -22.5 -3.4 Gm3002 100040852 -6.1 -10.1 Olfr1378 258912 1.0 -3.4 Stfa1 20861 66.1 5.9
Bhmt 12116 -1.4 -10.2 Gm3086 100040999 -3.1 -2.1 Olfr1381 258461 -1.9 -9.3 Stfa2 20862 43.7 11.9
Bicc1 83675 -5.4 -4.3 Gm3383 100041515 -17.4 -3.8 Olfr1383 404337 -3.1 -1.1 Stfa2l1 268885 30.5 -3.3
Bicd1 12121 -2.1 -1.1 Gm3453 100041651 -18.3 -2.1 Olfr1384 258464 -5.2 -3.2 Stfa3 20863 2.8 -6.6
Bid 12122 1.6 2.4 Gm3500 100041678 -22.6 -1.2 Olfr1386 257888 -2.7 -7.0 Stim2 116873 2.9 1.8
Bik 12124 -11.0 -6.3 Gm3527 100041818 -1.7 -3.4 Olfr139 259005 1.0 -9.5 Stip1 20867 -1.7 4.8
Bin2 668218 7.3 6.8 Gm3558 100041874 -8.3 -9.6 Olfr1393 258463 -1.2 -2.6 Stk10 20868 1.6 5.0
Birc2 11797 5.8 9.4 Gm3696 100042149 -19.7 -3.8 Olfr1393 258463 1.1 -24.4 Stk17b 98267 2.7 1.5
Birc3 11796 5.1 5.4 Gm3740 100042237 1.1 -4.6 Olfr1394 258273 1.1 -6.6 Stk19 54402 2.1 1.6
Birc3 11796 4.7 2.4 Gm3764 100042277 1.4 -2.5 Olfr1404 258881 1.1 -3.4 Stk19 54402 2.2 7.3
Birc5 11799 1.4 -2.5 Gm3764 100042277 1.8 -49.6 Olfr1408 258759 1.4 -12.7 Stk24 223255 -3.2 1.3
Birc6 12211 1.3 2.4 Gm3830 100042408 -6.7 1.5 Olfr1410 258484 1.1 -5.5 Stk25 59041 -1.1 -13.7
Birc6 12211 2.8 8.1 Gm3877 100042510 5.6 7.2 Olfr1411 258483 -1.2 -3.3 Stk33 117229 1.5 -8.5
Birc7 329581 1.6 -3.5 Gm4651 100043793 -2.3 1.2 Olfr1412 258274 1.3 -5.4 Stk35 67333 -1.5 3.4
Bivm 246229 -3.9 -1.0 Gm4745 194588 3.3 -2.9 Olfr1416 259040 1.0 -3.8 Stk36 269209 1.0 -9.8
Blcap 53619 1.8 2.5 Gm4759 209380 -6.7 1.9 Olfr1417 258938 1.6 -2.1 Stk36 269209 1.2 -4.4
Blcap 53619 1.3 17.7 Gm4827 224180 -3.7 2.2 Olfr1419 257938 -2.6 -9.9 Stk38 106504 1.9 4.0
Blk 12143 2.1 -4.9 Gm4836 22526 1.2 -2.9 Olfr1420 258405 -2.8 -1.6 Stk38l 232533 1.5 2.1
Blm 12144 3.7 -2.2 Gm4876 232599 -6.1 2.0 Olfr1426 258805 1.6 -16.8 Stk39 53416 -4.4 -1.9
Blnk 17060 1.3 -2.2 Gm4890 234479 -4.1 -1.8 Olfr143 258802 2.1 -5.3 Stk4 58231 2.1 1.8
Bloc1s2 73689 1.8 2.6 Gm4983 245297 -1.1 2.7 Olfr1431 258409 1.0 -6.2 Stk4 58231 2.3 1.0
Bloc1s4 117197 2.0 1.5 Gm4994 245600 -10.6 -2.3 Olfr1437 258117 1.2 -3.8 Stk40 74178 3.1 2.6
Bloc1s5 17828 -3.2 1.8 Gm5065 272350 -8.0 -5.4 Olfr1441 258678 -1.0 -12.9 Stmn1 16765 -5.1 -3.1
Bloc1s6 18457 1.3 2.7 Gm5082 328231 1.5 3.5 Olfr1442 258692 1.3 -6.0 Stmn1 16765 -6.1 -6.3
Blvra 109778 -1.2 5.4 Gm5084 100503759 -1.6 -14.5 Olfr1442 258692 1.4 -6.6 Stmn2 20257 -8.6 -1.3
Blzf1 66352 -1.4 2.2 Gm5087 328354 1.2 -2.6 Olfr1444 258697 1.2 -2.5 Stmn4 56471 1.2 -10.4
Bmf 171543 1.3 4.1 Gm5134 333669 1.3 -4.9 Olfr1451 258700 1.0 -2.0 Stoml1 69106 -2.5 1.0
Bmp2 12156 -9.2 -4.5 Gm5150 381484 8.4 124.3 Olfr1459 258684 1.4 -4.4 Stoml2 66592 1.0 2.4
Bmp2k 140780 3.8 2.4 Gm5154 381818 1.6 -3.5 Olfr1466 258689 1.0 -8.4 Stoml2 66592 -1.2 2.4
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Bmp2k 140780 2.8 1.5 Gm5168 382275 1.9 -12.3 Olfr1467 258686 1.3 2.6 Ston1 77057 -2.0 -3.7
Bmp2k 140780 2.1 1.4 Gm5176 382421 -1.8 -3.6 Olfr1469 258690 -1.4 4.3 Ston2 108800 -1.7 6.3
Bmp3 110075 -8.4 -15.6 Gm5415 408191 1.0 -3.6 Olfr1472 258685 1.0 -3.3 Ston2 108800 6.5 5.6
Bmp3 110075 -14.5 -1.1 Gm5458 432825 -21.6 -7.3 Olfr1474 258123 1.3 -7.7 Stox2 71069 -1.2 -2.2
Bmp4 12159 -1.3 -4.6 Gm5483 433016 86.9 31.5 Olfr148 258498 1.3 -2.8 Stox2 71069 -3.8 -7.1
Bmp5 12160 1.1 -14.4 Gm5547 433637 2.3 5.1 Olfr1491 258342 1.0 -2.7 Stox2 71069 -6.7 -2.8
Bmp6 12161 -4.7 -12.6 Gm5622 434459 1.0 -8.0 Olfr1495 258341 1.0 -6.6 Stpg1 78806 5.3 -9.1
Bmp7 12162 -11.2 -11.5 Gm5665 435366 -2.1 -1.2 Olfr1496 258991 -1.1 2.4 Stra6 20897 2.7 3.0
Bmp7 12162 -12.7 -6.5 Gm568 230143 -2.5 -5.0 Olfr1497 258736 1.2 -7.0 Strada 72149 -1.3 17.3
Bmpr1a 12166 -9.9 -1.2 Gm5797 545013 -32.4 -2.0 Olfr15 18312 1.2 -37.5 Stradb 227154 2.1 3.5
Bmpr1a 12166 -31.3 -1.2 Gm5797 545013 -6.7 -2.1 Olfr1507 57269 6.1 -5.0 Strbp 20744 -11.9 -5.0
Bmpr2 12168 -2.2 1.1 Gm5803 545091 -1.1 2.4 Olfr1508 57270 1.9 -12.4 Strbp 20744 1.1 -4.7
Bnip1 224630 -1.1 10.8 Gm6287 622116 4.0 16.3 Olfr1511 258268 -1.7 -12.1 Strbp 20744 -4.1 1.2
Bnip3 12176 1.2 -6.2 Gm6377 622976 5.9 9.6 Olfr152 258640 2.3 4.0 Strc 140476 2.0 -4.7
Bnipl 171388 -10.0 1.1 Gm6484 624219 -1.1 -5.6 Olfr153 110511 1.0 -2.1 Strip2 320609 3.1 1.5
Bnipl 171388 -1.2 3.4 Gm6710 626832 -1.8 -3.7 Olfr1532-ps1 258173 1.0 -7.8 Strip2 320609 2.2 -15.4
Bod1 69556 -3.2 -2.1 Gm6744 627311 2.0 9.7 Olfr1537 257959 -2.6 -5.1 Strn 268980 1.4 3.4
Bod1l 665775 1.9 2.0 Gm6787 627782 1.1 7.6 Olfr154 27216 1.9 -19.0 Sts 20905 1.7 -2.1
Bok 51800 -3.9 1.8 Gm6815 627962 13.6 -2.8 Olfr157 100040268 1.7 -6.4 Stt3a 16430 -1.3 2.7
Bola1 69168 -2.3 -1.3 Gm6994 629678 1.0 -5.4 Olfr166 259071 1.7 -3.7 Stt3a 16430 -1.3 3.3
Bola3 78653 -2.3 -1.3 Gm7104 633093 3.2 2.2 Olfr166 259071 1.0 -5.4 Stt3b 68292 -2.2 1.1
Boll 75388 1.7 -7.2 Gm711 279029 1.7 -5.3 Olfr17 18314 -2.1 -2.8 Stx11 74732 2.7 28.1
Bora 77744 -8.1 2.8 Gm7241 638532 2.4 -3.5 Olfr170 258959 -1.9 -5.8 Stx17 67727 -2.1 -1.6
Bphl 68021 -5.5 -2.1 Gm7265 639396 -4.1 -1.0 Olfr175-ps1 259004 1.0 -16.5 Stx18 71116 3.3 4.0
Bpifa2 19194 3.8 1.5 Gm7544 665225 1.1 -3.7 Olfr177 258998 -1.0 -2.0 Stx19 68159 2.0 4.5
Bpifb1 228801 1.3 -4.3 Gm7789 665798 2.0 -3.5 Olfr181 259001 1.0 -9.8 Stx1a 20907 -1.4 -5.3
Bpifb4 381399 1.2 2.3 Gm7969 666185 -3.2 -15.4 Olfr187 258319 1.4 -8.2 Stx1b 56216 -1.3 -9.1
Bpifb5 228802 1.8 -3.0 Gm8140 666504 1.1 -4.0 Olfr197 258477 1.3 3.2 Stx2 13852 2.6 1.5
Bpifb6 228796 1.3 -2.1 Gm8221 666661 2.4 -7.8 Olfr214 258754 -1.3 -5.4 Stx3 20908 -2.6 -1.6
Bpifc 270757 -3.8 -1.4 Gm8300 666806 -1.2 6.0 Olfr223 258421 -1.2 -4.2 Stx3 20908 -5.8 4.6
Bpnt1 23827 -1.5 2.7 Gm8363 666919 -1.0 -3.4 Olfr225 257886 1.4 -22.7 Stx3 20908 2.6 5.4
Braf 109880 -1.4 3.1 Gm839 330379 1.9 3.3 Olfr229 258606 1.5 -2.8 Stx6 58244 -5.5 1.7
Braf 109880 -4.7 4.6 Gm8995 668139 2.6 1.5 Olfr22-ps1 258209 1.3 -24.1 Stx6 58244 -1.5 2.1
Braf 109880 1.0 3.1 Gm8995 668139 3.7 1.8 Olfr24 18322 1.1 -6.2 Stx8 55943 -1.3 2.3
Braf 109880 -1.9 3.7 Gm8995 668139 3.6 1.2 Olfr25 18323 1.8 -5.6 Stx8 55943 -5.6 -2.0
Braf 109880 -1.1 4.5 Gm94 225443 1.0 -6.8 Olfr263 18341 1.3 -4.3 Stxbp4 20913 -4.7 -1.2
Braf 109880 2.9 -2.1 Gm9602 673676 -27.5 -5.4 Olfr263 18341 1.6 -10.6 Stxbp4 20913 -3.7 -1.4
Braf 109880 -1.3 4.7 Gm9725 70793 2.3 5.6 Olfr266 258482 3.6 1.9 Stxbp5 78808 1.9 3.1
Braf 109880 -1.6 -2.7 Gm9734 76377 1.3 -10.9 Olfr272 258836 1.0 -6.2 Stxbp5 78808 1.1 -7.1
Brd1 223770 2.2 5.6 Gm9757 100313514 1.4 -8.8 Olfr275 258857 1.0 -2.5 Stxbp5 78808 -4.3 -7.6
Brd3 67382 -2.0 -1.5 Gm9758 381714 3.2 -9.5 Olfr279 258502 -1.2 -8.5 Styxl1 76571 -1.6 -3.2
Brd7 26992 1.6 2.4 Gm9777 100049163 2.8 -1.4 Olfr282 258449 1.6 -2.7 Sucla2 20916 -1.7 4.9
Brd7 26992 3.9 1.2 Gm9777 100049163 1.3 -5.8 Olfr283 259038 2.0 3.5 Suclg2 20917 -2.7 -1.1
Brd8 78656 -2.2 3.6 Gm9779 638575 2.9 -8.1 Olfr285 257943 -1.6 3.9 Suco 226551 2.1 3.6
Brd8 78656 -3.6 -1.1 Gm9798 100359411 2.5 1.6 Olfr297 258611 -1.3 -12.6 Suco 226551 -1.4 4.1
Brd8 78656 -2.6 1.7 Gm9839 408192 1.0 -8.7 Olfr29-ps1 29848 1.6 -13.5 Sufu 24069 1.1 4.4
Brf1 72308 -5.0 3.9 Gm9871 207157 -1.0 -2.5 Olfr30 18329 -1.3 -8.6 Sugct 192136 2.0 -4.5
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Bri3bp 76809 -1.2 2.9 Gm9887 100036526 -2.6 1.0 Olfr303 258612 -2.1 -3.8 Sugct 192136 -1.1 -4.0
Bricd5 319259 -1.9 2.4 Gm9895 100503337 -3.3 6.5 Olfr312 258065 -1.3 -18.5 Sugp2 234373 -2.0 5.1
Brinp1 56710 1.1 -4.3 Gm9975 327988 2.2 4.1 Olfr318 258494 2.2 -16.8 Sugt1 67955 1.0 2.1
Brinp2 240843 1.5 -36.7 Gmeb2 229004 -3.5 13.4 Olfr319 258493 1.4 -3.0 Sulf1 240725 -8.0 -2.6
Brip1os 74038 -2.2 4.4 Gmeb2 229004 -4.0 14.9 Olfr32 18331 -1.7 -15.5 Sult1a1 20887 -3.9 -5.4
Brms1 107392 2.2 1.2 Gmfg 63986 2.2 1.1 Olfr320 216783 2.2 -5.0 Sult1c1 20888 1.1 -33.1
Brms1 107392 -4.6 -1.6 Gmfg 63986 2.4 -1.1 Olfr323 258373 1.0 -3.5 Sult1c2 69083 4.5 -1.3
Brms1l 52592 -1.2 -3.7 Gmip 78816 4.2 1.6 Olfr332 257932 1.2 -4.3 Sult2a6 629219 -3.0 -45.2
Brox 71678 4.9 6.0 Gml 625599 -1.1 -2.7 Olfr342 258950 1.2 -14.1 Sult2a7 638251 1.4 -5.1
Brpf1 78783 3.4 1.7 Gmppb 331026 2.4 -1.2 Olfr346 258940 1.0 -2.5 Sult4a1 29859 -2.3 -1.7
Brwd1 93871 -4.1 -2.0 Gmpr 66355 -7.1 -5.3 Olfr354 258941 1.0 -3.4 Sun1 77053 -3.3 -1.5
Brwd1 93871 -3.0 1.6 Gmps 229363 2.1 1.1 Olfr355 258618 -4.1 -13.5 Sun5 76407 1.0 -5.6
Brwd1 93871 -2.9 1.1 Gna11 14672 -2.7 -1.8 Olfr360 258615 -4.9 -5.7 Suox 211389 -3.5 -1.3
Brwd1 93871 -1.3 3.4 Gna11 14672 -2.3 -1.4 Olfr366 236509 1.1 -3.9 Supt20 56790 1.7 3.0
Brwd1 93871 -2.4 1.7 Gna12 14673 2.3 -1.6 Olfr368 258371 1.4 -7.7 Surf1 20930 -2.3 1.1
Brwd3 382236 4.9 7.2 Gna13 14674 7.2 2.5 Olfr374 258335 2.0 -8.4 Susd3 66329 4.5 -1.1
Brwd3 382236 2.3 4.8 Gna13 14674 3.8 2.6 Olfr378 259026 1.1 -2.9 Susd3 66329 3.3 1.7
Brwd3 382236 1.1 -3.4 Gna13 14674 9.4 36.1 Olfr382 258435 1.3 -18.1 Susd4 96935 -6.8 -1.4
Bscl2 14705 2.0 2.3 Gnai1 14677 -6.3 -7.4 Olfr384 193053 1.0 -11.7 Suv39h2 64707 2.7 2.3
Bsdc1 100383 1.6 2.3 Gnai2 14678 2.2 1.3 Olfr385 259025 -1.3 -15.5 Suv39h2 64707 2.4 1.1
Bsdc1 100383 5.3 1.6 Gnai3 14679 -1.1 -2.4 Olfr398 258705 -1.0 -11.3 Suv420h1 225888 -1.4 4.5
Bsn 12217 3.3 -9.4 Gnal 14680 -1.0 -6.8 Olfr401 258701 1.8 -11.6 Suv420h1 225888 1.1 2.0
Bsnd 140475 -1.1 -13.2 Gnal 14680 -1.4 -3.1 Olfr406 258181 1.3 -2.1 Suz12 52615 1.1 2.4
Bspry 192120 -7.1 -3.1 Gnal 14680 1.7 -4.1 Olfr411 258704 1.2 -8.3 Suz12 52615 1.3 10.5
Bst1 12182 5.8 2.2 Gnal 14680 -5.7 -1.2 Olfr414 258756 1.7 -33.6 Sv2a 64051 -2.6 -4.4
Bst2 69550 3.7 -1.8 Gnat1 14685 1.7 -13.2 Olfr418-ps1 258645 -1.1 -9.7 Sv2a 64051 -13.3 -1.1
Btaf1 107182 2.5 2.3 Gnat2 14686 1.2 -3.9 Olfr420 258302 -5.0 -1.8 Sv2c 75209 1.0 -2.6
Btbd10 68815 2.4 2.8 Gnaz 14687 1.0 -4.2 Olfr426 258134 1.0 -5.9 Sva 20939 1.1 -12.3
Btbd11 74007 -4.6 -1.3 Gnb3 14695 4.1 -9.8 Olfr43 258706 1.2 -4.9 Sval1 71578 -1.7 -2.8
Btbd19 78611 3.2 3.4 Gnb4 14696 1.1 2.4 Olfr433 258712 4.4 -1.4 Svep1 64817 -1.1 -3.1
Btbd3 228662 -5.0 1.0 Gnb4 14696 2.1 2.7 Olfr434 258366 -2.2 -3.2 Svep1 64817 -1.0 -9.1
Btbd6 399566 -3.1 -1.7 Gnb5 14697 -4.6 -3.5 Olfr435 258647 1.3 -10.6 Svil 225115 2.8 4.4
Btbd7 238386 -6.7 6.2 Gne 50798 -1.3 -3.2 Olfr437 258293 1.5 -3.4 Svil 225115 3.3 6.2
Btbd7 238386 1.3 2.8 Gng10 14700 1.5 5.2 Olfr450 258437 1.1 -2.0 Svip 75744 -1.1 -7.0
Btbd9 224671 -1.2 12.9 Gng11 66066 -5.8 -3.8 Olfr456 259144 1.4 -3.9 Svop 68666 2.5 -4.9
Btd 26363 -1.0 2.1 Gng13 64337 1.0 -3.9 Olfr456 259144 -1.3 -20.8 Svop 68666 3.0 1.6
Btf3l4 70533 -4.8 -4.6 Gng2 14702 2.3 -1.1 Olfr460 258381 1.0 -2.7 Svopl 320590 3.5 -1.1
Btf3l4 70533 -2.3 1.2 Gng3 14704 1.2 -6.2 Olfr462 258406 1.3 -5.9 Svs4 20941 -8.9 -1.1
Btg1 12226 1.7 2.3 Gng4 14706 -1.0 -7.0 Olfr47 18346 -1.0 -2.6 Swap70 20947 1.6 -5.1
Btg1 12226 3.3 7.2 Gng7 14708 -1.2 -3.3 Olfr474 258488 -1.9 -14.1 Swap70 20947 2.4 1.5
Btg3 12228 1.4 11.4 Gng7 14708 2.8 -2.5 Olfr476 258926 -1.4 -11.7 Swt1 66875 -1.1 3.8
Btk 12229 2.6 2.0 Gngt2 14710 3.8 89.8 Olfr478 258729 1.1 -17.9 Swt1 66875 -1.5 7.0
Btla 208154 1.2 6.9 Gnl3l 237107 -3.4 1.3 Olfr483 258730 -2.7 2.1 Syce1 74075 -1.4 -5.0
Btnl1 100038862 1.0 -5.7 Gnmt 14711 1.2 -4.5 Olfr486 258489 1.7 -4.5 Syce1l 668110 -1.3 -2.4
Btnl5-ps 81497 2.2 -5.4 Gnpda1 26384 5.0 1.4 Olfr487 258042 1.0 -4.7 Sycn 68416 2.4 -10.0
Btnl9 237754 -2.4 -1.3 Gnptab 432486 3.8 5.3 Olfr490 258491 2.3 4.2 Sycp1 20957 1.1 -4.8
Btnl9 237754 -3.9 -3.4 Gnptab 432486 2.2 1.8 Olfr493 258307 -1.8 -2.1 Sycp2 320558 1.5 -2.9
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Btrc 12234 -2.4 1.4 Gnptab 432486 3.1 8.3 Olfr494 258732 -1.4 -2.9 Sycp2 320558 7.2 1.3
Bub1 12235 7.7 3.7 Gnptab 432486 7.4 7.5 Olfr50 18350 -1.6 -28.7 Syde2 214804 -3.6 -11.6
Bub1 12235 1.7 -11.7 Gnptg 214505 -2.1 1.3 Olfr502 258734 1.2 -6.2 Syk 20963 5.6 2.2
Bub1b 12236 -4.3 3.3 Gns 75612 2.1 8.8 Olfr508 258769 1.2 -14.6 Syn1 20964 3.2 -1.4
Bud31 231889 1.2 2.0 Golga1 76899 1.2 2.1 Olfr509 258369 1.1 -2.3 Syn2 20965 1.0 -16.6
Bves 23828 -2.1 1.4 Golga3 269682 -1.1 5.3 Olfr510 258308 1.1 -3.4 Syn3 27204 4.8 -1.2
Bysl 53414 2.4 -1.5 Golga3 269682 1.5 2.9 Olfr512 258719 -1.0 -7.8 Syn3 27204 -7.5 -1.4
Bysl 53414 2.2 1.6 Golga4 54214 -2.5 6.9 Olfr513 258718 -1.1 -9.7 Syncrip 56403 2.0 5.6
Bysl 53414 3.6 3.1 Golga5 27277 -1.6 9.6 Olfr516 258720 -9.6 -1.2 Syncrip 56403 -1.8 4.6
Bzw1 66882 2.0 1.5 Golga5 27277 2.4 13.3 Olfr519 277935 2.1 -16.4 Syne1 64009 -4.5 1.5
Bzw1 66882 1.8 3.7 Golga7 57437 1.1 4.5 Olfr520 259066 1.9 -3.0 Syne1 64009 -3.4 -1.1
C030006K11Rik 223665 -1.6 -3.0 Golga7 57437 1.1 7.2 Olfr521 258353 -1.0 -8.3 Syne1 64009 3.1 2.1
C030014I23Rik 77381 -4.4 -5.6 Golgb1 224139 -2.1 -1.1 Olfr522 258954 1.8 -7.4 Syne1 64009 -1.4 -2.5
C030014O09Rik 77463 -7.7 1.0 Golim4 73124 -25.5 -3.4 Olfr523 258511 -2.6 -7.0 Syne2 319565 -11.7 -2.4
C030034I22Rik 77533 1.3 9.9 Golim4 73124 -1.7 5.1 Olfr53 258962 -1.2 -18.3 Syne2 319565 -3.9 -1.9
C030034L19Rik 320088 1.6 -11.5 Golim4 73124 -2.7 -1.1 Olfr530 258512 1.3 -12.8 Syne2 319565 -15.8 -1.1
C030039L03Rik 112415 1.9 -4.1 Golph3l 229593 3.0 7.1 Olfr531 258955 -2.9 -25.0 Syne2 319565 -4.3 -11.0
C030040A22Rik 320771 -2.9 4.0 Golph3l 229593 1.1 3.4 Olfr535 258956 1.1 -5.0 Syne2 319565 -4.8 -1.2
C030041B07Rik 77639 3.3 2.6 Golt1a 68338 -1.1 -3.3 Olfr536 258513 1.2 -9.3 Syne2 319565 -16.3 -1.2
C030046E11Rik 226089 2.2 2.3 Golt1b 66964 1.5 3.6 Olfr541 258964 1.0 -10.9 Syne2 319565 -15.0 -1.0
C030046E11Rik 226089 2.8 6.3 Gopc 94221 -1.1 2.3 Olfr545 258837 1.0 -2.3 Syne4 233066 1.2 -2.0
C030046E11Rik 226089 1.7 2.4 Gorab 98376 -2.8 4.1 Olfr549 259105 -1.3 -14.1 Syngr1 20972 -3.6 -3.1
C130021H21Rik 320693 2.4 9.3 Gosr1 53334 1.2 2.2 Olfr55 100038859 -3.7 -14.5 Syngr1 20972 -2.9 -1.8
C130026I21Rik 620078 -5.4 -1.0 Gosr2 56494 2.1 1.6 Olfr555 259107 1.8 -3.2 Syngr1 20972 -4.9 2.1
C130050O18Rik 319772 7.3 8.0 Got1 14718 1.4 2.0 Olfr558 259097 1.2 -27.9 Syngr2 20973 2.1 2.3
C130060K24Rik 243407 1.0 -2.8 Gp1ba 14723 1.1 2.1 Olfr56 18356 2.0 3.4 Syngr3 20974 2.7 -4.8
C130073F10Rik 242574 1.6 3.2 Gp2 67133 1.0 -2.7 Olfr560 259117 1.0 -3.1 Syngr4 58867 1.3 -10.0
C130078N14 329478 -1.4 5.5 Gp5 14729 1.7 -10.9 Olfr564 258356 2.0 -11.9 Synj1 104015 10.7 21.0
C130079B09Rik 399637 -7.3 2.9 Gp6 243816 -1.2 -5.3 Olfr569 259092 1.5 -2.3 Synj1 104015 3.4 3.3
C130083B21Rik 320783 1.3 3.5 Gp9 54368 -2.6 17.6 Olfr57 18357 1.0 -2.9 Synj2 20975 -1.4 9.2
C130083B21Rik 320783 4.6 30.1 Gpa33 59290 -8.5 -6.1 Olfr57 18357 1.3 -4.5 Synj2 20975 -1.3 9.6
C1galt1c1 59048 1.2 2.8 Gpa33 59290 -8.0 -4.9 Olfr570 259114 1.5 -19.4 Synj2bp 24071 -1.4 3.2
C1ql2 226359 7.5 -1.8 Gpalpp1 67467 -1.2 2.6 Olfr572 259093 -1.2 -9.4 Synj2bp 24071 1.9 3.0
C1ql3 227580 7.5 1.6 Gpam 14732 -5.8 -1.8 Olfr574 258357 2.5 -10.1 Synj2bp 24071 -2.2 1.8
C1qtnf2 69183 1.1 -10.1 Gpank1 81845 1.1 -4.0 Olfr577 259113 1.1 -18.2 Synj2bp 24071 -5.6 1.8
C1qtnf4 67445 -6.9 -3.7 Gpat2 215456 -1.1 -4.8 Olfr578 259119 10.1 3.0 Synm 233335 -6.9 -5.4
C1qtnf5 235312 -1.4 -4.8 Gpatch1 67471 1.8 3.4 Olfr58 18358 -1.0 -3.6 Synpo2 118449 -11.0 -1.9
C1qtnf6 72709 1.2 -4.5 Gpatch11 53951 1.6 2.1 Olfr58 18358 1.1 -2.2 Synpo2l 68760 -1.4 -9.1
C1rl 232371 2.9 -1.7 Gpatch2 67769 1.2 2.2 Olfr58 18358 2.3 -3.9 Synpo2l 68760 -4.1 -7.4
C1s2 317677 -2.6 -4.1 Gpatch2l 70373 -1.2 8.1 Olfr59 18359 1.6 -5.7 Synrg 217030 -1.2 -5.7
C2 12263 -6.2 -6.1 Gpatch3 242691 1.0 2.8 Olfr598 257975 1.2 -12.2 Sypl 19027 -2.4 -1.1
C230013L11Rik100504186 -2.4 -1.5 Gpatch8 237943 1.7 3.4 Olfr60 18361 2.0 -5.5 Sypl2 17306 1.5 -16.7
C230052I12Rik 101831 3.8 1.4 Gpatch8 237943 -1.6 5.0 Olfr600 259048 -2.3 -1.7 Syt1 20979 2.1 1.6
C230075M21Rik 320322 1.5 3.7 Gpbp1 73274 -1.3 2.5 Olfr605 258156 1.0 -4.1 Syt10 54526 -1.3 -7.0
C230088H06Rik 320691 6.9 2.3 Gpbp1 73274 1.0 2.0 Olfr606 259098 1.2 -2.4 Syt12 171180 1.9 -7.6
C230096K16Rik 414098 1.0 3.2 Gpbp1l1 77110 -3.0 9.3 Olfr609 259086 2.0 -15.2 Syt12 171180 1.0 -17.8
C2cd3 277939 -1.3 4.2 Gpbp1l1 77110 2.8 1.3 Olfr61 18362 1.3 -5.4 Syt13 80976 1.2 -6.0
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C2cd4a 244911 1.8 -8.9 Gpc2 71951 1.6 -20.7 Olfr610 259085 2.6 -2.0 Syt15 319508 -2.6 -1.3
C2cd4c 237397 1.0 -8.2 Gpc4 14735 -8.0 -5.4 Olfr611 258722 -1.9 -5.1 Syt15 319508 -4.4 -17.3
C2cd5 74741 -1.5 2.1 Gpc6 23888 -3.3 -1.9 Olfr620 258808 1.0 -10.2 Syt16 238266 -3.9 -4.2
C330007P06Rik 77644 2.4 -1.1 Gpcpd1 74182 5.5 1.4 Olfr623 259126 1.1 -2.1 Syt17 110058 -3.5 -3.1
C330018A13Rik 320805 -1.5 -8.7 Gpcpd1 74182 4.2 1.5 Olfr63 258939 -1.4 -24.9 Syt3 20981 1.8 -6.8
C330018D20Rik 77422 -2.3 -1.1 Gpcpd1 74182 4.9 1.2 Olfr635 259122 1.9 -17.7 Syt5 53420 1.1 -17.0
C330026H20Rik 109358 1.1 -2.1 Gpd1l 333433 2.0 1.3 Olfr642 258326 1.1 -9.8 Syt8 55925 -8.0 -5.3
C330027C09Rik 224171 -1.5 -16.5 Gpd2 14571 1.9 9.7 Olfr643 259081 1.0 -5.1 Sytl1 269589 -13.9 -9.4
C3ar1 12267 4.1 1.2 Gper1 76854 2.5 -13.7 Olfr644 259125 1.0 -5.2 Sytl2 83671 -14.9 -9.6
C3ar1 12267 3.1 1.3 Gpha2 170458 -1.0 -2.9 Olfr646 259058 1.8 -3.9 Sytl4 27359 -7.4 2.0
C430002N11Rik 319707 -1.4 3.2 Gphn 268566 2.3 1.4 Olfr651 258809 1.0 -2.1 Sytl5 236643 -16.1 -3.8
C430019N01Rik 402751 24.0 11.5 Gpi1 14751 2.8 -7.3 Olfr657 258309 -5.6 1.7 Szt2 230676 -1.2 2.5
C430049B03Rik 72575 -1.8 2.2 Gpld1 14756 -3.7 -1.7 Olfr665 258810 1.9 -6.9 Taar2 209512 1.2 -3.2
C4bp 12269 1.0 -3.9 Gpm6a 234267 -4.2 -5.5 Olfr668 259061 2.1 2.2 Taar4 209513 1.1 -15.6
C4bp-ps1 12270 1.0 -13.5 Gpm6a 234267 -3.9 -1.2 Olfr685 258160 1.1 -5.6 Taar9 503558 2.7 -5.2
C530007A02Rik 77625 2.5 3.3 Gpn1 74254 -2.8 3.1 Olfr686 259072 4.3 -3.0 Tab2 68652 2.0 2.2
C530008M17Rik 320827 -1.8 -47.4 Gpn3 68080 -1.6 2.9 Olfr687 668035 -1.0 -5.3 Tab3 66724 -1.7 2.9
C530014P21Rik 399604 -20.0 -1.1 Gpnmb 93695 -3.0 2.5 Olfr689 258745 1.5 -6.0 Tac1 21333 -1.0 -2.2
C530042K13Rik 320698 -3.2 1.4 Gpnmb 93695 -7.6 1.2 Olfr693 258445 1.1 -9.0 Tac2 21334 1.3 -2.6
C5ar1 12273 6.5 1.2 Gpr1 241070 1.3 2.2 Olfr70 56014 1.0 -6.9 Tacc2 57752 -5.6 -1.2
C5ar2 319430 3.8 1.3 Gpr101 245424 1.0 -3.4 Olfr700 258593 4.7 -3.9 Tacc2 57752 -2.9 -1.9
C6 12274 -1.6 -6.9 Gpr107 277463 1.1 7.3 Olfr701 66786 1.1 2.1 Taco1 70207 7.4 1.1
C730027H18Rik 319572 1.1 -3.6 Gpr107 277463 1.1 2.8 Olfr701 66786 -1.2 -4.7 Tacr1 21336 1.5 -14.6
C730049O14Rik 320117 -12.4 -3.2 Gpr113 381628 4.1 -7.1 Olfr703 258589 2.3 -12.3 Tacr2 21337 1.6 -2.1
C77080 97130 -9.4 -5.4 Gpr115 78249 -12.3 -1.1 Olfr704 257902 -1.4 -3.1 Tacstd2 56753 -3.3 -2.8
C77370 245555 -1.0 -2.1 Gpr119 236781 1.2 -7.3 Olfr706 258350 1.4 -5.4 Tada2a 217031 -2.8 1.3
C87499 381590 -7.7 -1.8 Gpr124 78560 1.6 -2.7 Olfr71 56015 1.2 -4.0 Tada3 101206 -1.1 -2.1
C8g 69379 -2.9 -1.1 Gpr125 70693 -4.1 -1.8 Olfr711 259037 2.1 -6.5 Taf1 270627 1.2 2.4
C920006O11Rik 320295 -8.8 -5.4 Gpr126 215798 -2.9 -1.8 Olfr714 259035 -2.2 1.0 Taf1 270627 2.5 1.7
Caap1 67770 -1.3 2.7 Gpr126 215798 -3.7 1.7 Olfr715 258776 1.1 -4.6 Taf13 99730 -1.3 7.5
Cab39 12283 -2.1 1.8 Gpr132 56696 6.5 10.1 Olfr716 258597 1.1 -2.5 Taf1b 21340 -1.5 2.1
Cab39l 69008 -3.2 -1.7 Gpr135 238252 -9.7 -4.2 Olfr724 258485 -1.0 2.1 Taf1c 21341 1.3 2.2
Cab39l 69008 3.1 1.0 Gpr137c 70713 2.5 -1.8 Olfr726 258313 1.2 -11.0 Taf1d 75316 1.7 7.2
Cab39l 69008 -2.9 -1.5 Gpr139 209776 1.6 -3.6 Olfr731 258360 1.1 -4.5 Taf1d 75316 1.8 2.5
Cabin1 104248 1.5 2.2 Gpr141 353346 12.2 11.6 Olfr74 117005 2.1 -8.1 Taf1d 75316 -1.2 2.5
Cabin1 104248 1.4 3.0 Gpr142 217302 1.0 -3.4 Olfr749 56858 -1.0 -2.5 Taf1d 75316 1.0 3.3
Cables2 252966 -1.7 3.7 Gpr146 80290 10.8 3.1 Olfr763 258861 -1.0 -20.7 Taf2 319944 1.6 2.5
Cabp2 29866 1.8 -6.5 Gpr15 71223 2.2 3.3 Olfr77 258336 3.3 -6.9 Taf3 209361 -4.4 1.5
Cabp7 192650 -1.1 -9.0 Gpr150 238725 3.7 3.5 Olfr772 257666 1.0 -2.2 Taf4b 72504 2.0 8.8
Cabs1 70977 -2.2 1.6 Gpr150 238725 1.4 -16.3 Olfr774 258232 1.0 -13.3 Taf5 226182 -3.7 2.6
Cacfd1 381356 1.3 14.2 Gpr151 240239 1.0 -4.7 Olfr781 258723 1.0 -3.7 Taf5l 102162 1.4 -3.0
Cachd1 320508 -1.9 -6.2 Gpr152 269053 1.4 -2.6 Olfr784 258724 1.1 -2.8 Taf6l 225895 1.4 2.1
Cachd1 320508 -11.3 2.5 Gpr153 100129 -1.6 -13.5 Olfr786 258542 2.5 -8.5 Taf7 24074 2.3 3.7
Cacna1a 12286 1.5 -3.5 Gpr155 68526 -2.4 -2.7 Olfr788 258544 1.5 -2.3 Taf7l 74469 1.0 -7.4
Cacna1c 12288 2.9 -1.4 Gpr156 239845 -1.0 -7.1 Olfr796 258933 1.9 -16.4 Taf9 108143 1.2 3.9
Cacna1d 12289 2.8 8.0 Gpr158 241263 -1.7 -13.2 Olfr799 258929 1.1 -29.2 Tagap1 380608 6.1 1.6
Cacna1d 12289 4.4 2.7 Gpr161 240888 1.9 -14.3 Olfr801 258282 1.0 -3.5 Tagln 21345 -1.7 -7.0
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Cacna1d 12289 2.8 7.6 Gpr17 574402 -1.0 -30.4 Olfr803 258547 7.0 -1.8 Tagln 21345 -3.8 -1.5
Cacna1g 12291 1.6 -2.9 Gpr17 574402 1.1 -4.7 Olfr808 258930 1.1 -10.0 Tagln2 21346 3.8 1.6
Cacna1h 58226 -5.3 -14.2 Gpr171 229323 33.3 4.7 Olfr810 258543 2.1 -16.4 Tagln3 56370 -4.0 -1.3
Cacna1h 58226 -2.9 -9.6 Gpr173 70771 1.0 2.6 Olfr812 258791 1.2 -15.4 Tagln3 56370 -2.3 -4.3
Cacna1h 58226 1.9 -33.5 Gpr18 110168 2.2 2.7 Olfr822 258666 2.5 -1.6 Tanc1 66860 -6.3 -3.0
Cacna1i 239556 3.1 -1.1 Gpr180 58245 -1.6 5.9 Olfr825 258672 1.0 -4.5 Tanc1 66860 -4.7 -6.1
Cacna1s 12292 -1.3 -16.7 Gpr182 11536 -2.9 -4.3 Olfr826 258671 -2.0 -1.6 Tanc2 77097 -4.2 1.1
Cacna1s 12292 1.5 -9.2 Gpr183 321019 7.2 1.3 Olfr835 257872 -1.1 -3.4 Tango2 27883 -6.2 1.5
Cacna2d1 12293 -14.6 -2.6 Gpr20 239530 1.1 -2.5 Olfr837 258558 -1.1 3.9 Tango6 272538 -1.3 -12.8
Cacna2d1 12293 -1.8 -4.0 Gpr21 338346 -3.7 -1.1 Olfr845 258249 -1.4 -7.0 Tank 21353 -1.2 7.5
Cacnb1 12295 2.6 1.8 Gpr26 233919 1.1 -2.6 Olfr847 258518 1.0 -5.6 Tank 21353 3.1 6.4
Cacnb2 12296 -2.1 -3.4 Gpr27 14761 1.4 -5.1 Olfr868 258552 1.0 -4.9 Tank 21353 1.9 3.3
Cacnb3 12297 1.1 -6.3 Gpr31b 436440 31.6 40.5 Olfr870 57251 1.0 -13.1 Taok1 216965 1.3 3.1
Cacnb4 12298 2.6 -1.4 Gpr33 14762 1.3 -11.6 Olfr875 258744 1.0 -2.8 Taok1 216965 1.9 2.3
Cacnb4 12298 -3.8 -1.6 Gpr34 23890 1.1 -5.2 Olfr889 258475 1.1 -3.3 Taok2 381921 2.0 1.1
Cacng1 12299 -1.0 -2.8 Gpr35 64095 17.4 26.1 Olfr890 258474 -1.5 2.7 Tap1 21354 6.7 4.9
Cacng2 12300 1.1 -5.0 Gpr35 64095 52.1 56.2 Olfr904 258797 1.7 3.1 Tap2 21355 4.3 1.4
Cacng2 12300 1.2 -4.0 Gpr37l1 171469 1.6 -7.3 Olfr91 258470 1.0 -3.1 Tapbp 21356 2.2 -1.1
Cacng4 54377 1.2 -13.1 Gpr39 71111 -14.5 -1.1 Olfr910 258807 1.1 -2.1 Tapt1 231225 1.4 5.7
Cacng6 54378 1.0 -2.1 Gpr50 14765 1.6 -7.4 Olfr919 258432 2.2 -7.0 Tardbp 230908 1.5 6.8
Cacul1 78832 3.2 -1.2 Gpr55 227326 4.4 1.7 Olfr92 258448 1.2 -3.3 Tardbp 230908 5.3 8.4
Cacul1 78832 1.2 2.3 Gpr56 14766 -4.0 -1.8 Olfr930 258269 2.3 -4.0 Tardbp 230908 1.1 4.3
Cacul1 78832 3.9 3.7 Gpr6 140741 1.4 -5.3 Olfr937 258431 -1.4 -21.8 Tarm1 245126 73.1 261.9
Cad 69719 1.0 2.5 Gpr65 14744 4.6 3.7 Olfr94 258219 5.0 -16.6 Tarsl2 272396 -12.6 -2.6
Cad 69719 1.8 -2.1 Gpr68 238377 14.2 5.6 Olfr944 258500 1.5 -4.8 Tas1r1 110326 1.3 -3.3
Cadm1 54725 -6.0 -2.9 Gpr82 319200 -2.1 2.2 Olfr945 258499 1.5 -2.7 Tas1r3 83771 -1.2 -2.8
Cadm1 54725 -5.5 1.2 Gpr82 319200 -2.2 4.1 Olfr947-ps1 257924 1.1 -5.8 Tas2r118 387347 -1.0 -7.7
Cadm1 54725 -6.8 -16.2 Gpr83 14608 5.9 -8.9 Olfr948 257912 1.0 -4.6 Tat 234724 1.4 -4.4
Cadm2 239857 -2.3 1.5 Gpr84 80910 36.7 2.5 Olfr95 258506 2.8 -1.5 Tatdn1 69694 -1.2 2.0
Cadm3 94332 -1.2 -6.8 Gpr85 64450 12.0 13.7 Olfr960 258276 1.0 -5.8 Tatdn2 381801 3.0 1.6
Cadps2 320405 -13.7 -13.0 Gpr87 84111 -10.5 -9.0 Olfr961 258497 -2.4 1.9 Tatdn3 68972 3.1 13.7
Calb2 12308 1.6 2.1 Gpr88 64378 1.4 -46.3 Olfr961 258497 1.0 -5.9 Taz 66826 -3.0 2.4
Calcoco1 67488 -2.5 -1.8 Gpr89 67549 -2.6 -1.1 Olfr967 258086 1.1 -4.3 Tbata 65971 1.2 2.1
Calcoco2 76815 1.2 -8.8 Gpr98 110789 1.0 -6.7 Olfr969 258823 1.9 -8.9 Tbc1d1 57915 1.6 4.3
Calcr 12311 1.7 -15.9 Gprasp1 67298 -3.8 -1.2 Olfr971 258607 -1.2 -8.3 Tbc1d1 57915 1.1 5.9
Calcr 12311 1.7 -24.5 Gprasp1 67298 -1.4 3.5 Olfr976 258364 1.1 -5.2 Tbc1d10a 103724 -2.2 -1.3
Calcrl 54598 -1.1 3.0 Gprc5a 232431 1.2 -4.9 Olfr978 259109 2.0 -12.9 Tbc1d10b 68449 2.2 1.8
Cald1 109624 -18.1 -8.7 Gprc5a 232431 1.0 -9.0 Olfr979 259112 2.3 -2.4 Tbc1d14 100855 2.3 1.4
Calhm2 72691 4.7 2.5 Gprc5c 70355 -1.3 -7.0 Olfr98 258503 1.8 -5.4 Tbc1d14 100855 3.2 2.6
Calm4 80796 -1.0 -45.4 Gprc5d 93746 -1.1 -14.2 Olfr983 258824 -2.0 -5.6 Tbc1d15 66687 -3.3 2.1
Caln1 140904 1.1 -2.1 Gprin1 26913 1.6 -9.1 Olfr986 258608 2.0 -10.7 Tbc1d16 207592 -3.1 -1.0
Caln1 140904 1.3 -4.0 Gprin3 243385 -3.9 1.8 Olfr987 257951 1.6 -3.7 Tbc1d17 233204 3.4 1.0
Calr3 73316 -1.7 -6.4 Gpsm1 67839 2.1 1.2 Olfr996 258429 1.4 -2.9 Tbc1d2 381605 -14.7 -2.6
Calu 12321 -1.6 3.3 Gpsm2 76123 -8.1 1.3 Olig1 50914 1.5 2.0 Tbc1d2 381605 -3.5 -5.7
Caly 68566 -1.1 -3.1 Gpsm2 76123 2.2 -2.7 Olig3 94222 2.8 2.3 Tbc1d20 67231 2.3 2.1
Camk1 52163 3.2 1.5 Gpsm3 106512 3.3 1.8 Olr1 108078 70.9 53.5 Tbc1d21 74286 2.1 -1.2
Camk1d 227541 4.3 2.8 Gpt 76282 -5.8 -2.7 Omg 18377 1.0 -9.4 Tbc1d23 67581 1.2 2.9
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Camk1d 227541 6.7 14.3 Gpt2 108682 -3.7 2.1 Onecut1 15379 2.6 -2.0 Tbc1d23 67581 -1.4 2.9
Camk1d 227541 26.3 2.2 Gpx5 14780 1.8 3.0 Onecut2 225631 1.7 -3.1 Tbc1d23 67581 1.4 10.2
Camk1g 215303 -1.1 -6.9 Gpx6 75512 1.0 -5.4 Onecut3 246086 1.5 -9.2 Tbc1d24 224617 1.1 2.6
Camk2a 12322 -1.1 -2.6 Gpx8 69590 -8.0 -6.0 Ooep 67968 3.1 1.4 Tbc1d25 209815 -1.8 -2.4
Camk2b 12323 2.4 -1.3 Gramd1a 52857 3.7 2.5 Oog1 193322 2.4 -21.2 Tbc1d2b 67016 2.2 1.5
Camk2b 12323 1.1 -5.9 Gramd1b 235283 1.7 2.0 Opa1 74143 2.7 1.6 Tbc1d30 74694 -19.4 -4.3
Camk2d 108058 -1.1 2.9 Gramd1b 235283 2.0 3.5 Opa1 74143 1.6 9.9 Tbc1d30 74694 -13.3 -4.4
Camk2d 108058 -2.4 5.2 Gramd3 107022 -5.7 -2.8 Opa3 403187 31.5 31.0 Tbc1d31 210544 8.6 2.6
Camk2d 108058 -1.4 2.5 Gramd4 223752 1.6 2.1 Opa3 403187 1.4 5.0 Tbc1d4 210789 -5.1 -1.6
Camk2g 12325 1.3 2.5 Grap2 17444 6.9 5.7 Ophn1 94190 -1.3 5.2 Tbc1d5 72238 3.0 3.1
Camk2n2 73047 1.1 -3.2 Grap2 17444 -2.7 5.6 Oplah 75475 -5.3 -1.2 Tbc1d7 67046 -3.0 -2.1
Camk4 12326 -2.9 -11.0 Grb14 50915 -5.9 -3.1 Opn5 353344 1.2 -2.5 Tbc1d8 54610 -1.1 5.4
Camk4 12326 1.1 -5.8 Grb7 14786 -11.3 -6.2 Oprk1 18387 -5.3 -10.7 Tbc1d9b 76795 9.4 5.2
Camkk1 55984 15.3 13.1 Greb1 268527 6.5 3.2 Oprl1 18389 -2.2 -6.6 Tbcc 72726 1.3 2.1
Camkk2 207565 3.3 1.4 Grhl1 195733 -7.6 -1.5 Oprm1 18390 1.9 -15.9 Tbcel 272589 3.1 2.5
Camkmt 73582 -1.9 5.6 Grhl1 195733 -10.8 -1.3 Optc 269120 1.9 -10.7 Tbk1 56480 1.5 3.8
Camkv 235604 4.0 -2.6 Grhl2 252973 -5.9 -2.1 Optn 71648 -2.4 -2.8 Tbk1 56480 2.0 -1.4
Camsap1 227634 -2.1 -1.4 Grhl2 252973 -9.5 -6.4 Orai1 109305 2.8 1.1 Tbkbp1 73174 11.5 1.4
Camsap1 227634 1.1 -2.0 Gria1 14799 -2.4 3.7 Orai2 269717 3.3 13.3 Tbl2 27368 6.4 8.1
Camsap2 67886 -4.0 2.2 Gria2 14800 1.7 -9.7 Oraov1 72284 1.1 2.1 Tbpl1 237336 1.5 2.5
Camsap3 69697 -14.0 -18.3 Gria3 53623 -2.7 -40.8 Orc3 50793 1.8 5.0 Tbpl1 237336 2.0 2.6
Camta1 100072 2.4 1.9 Gria4 14802 -7.7 -2.2 Orc3 50793 -1.9 5.1 Tbrg1 21376 -2.1 -1.2
Camta1 100072 1.5 2.7 Gria4 14802 -7.0 -1.2 Orc4 26428 -1.2 5.1 Tbrg3 21378 12.6 4.0
Camta2 216874 2.3 2.9 Gria4 14802 -19.2 1.0 Orc4 26428 -1.9 4.4 Tbrg4 21379 2.1 2.0
Camta2 216874 3.7 2.3 Grid1 14803 1.0 -7.0 Orc5 26429 -3.1 1.4 Tbx1 21380 -10.3 -1.5
Cand1 71902 -3.5 -1.0 Grid2 14804 1.1 -4.5 Orc5 26429 -3.5 2.8 Tbx19 83993 3.3 3.1
Cand1 71902 -1.3 -2.7 Grifin 77998 -1.3 -5.4 Ormdl1 227102 -3.4 3.4 Tbx21 57765 -1.9 -18.6
Cand2 67088 -16.9 2.6 Grik3 14807 1.4 -8.1 Osbp2 74309 -1.4 -8.3 Tbx3 21386 -17.6 -5.9
Cand2 67088 -3.3 -1.8 Grik5 14809 -3.5 -2.1 Osbp2 74309 2.5 -3.4 Tbx3 21386 -6.5 1.1
Cap2 67252 -6.4 1.1 Grin1 14810 1.0 -2.9 Osbpl10 74486 1.3 -4.3 Tbx4 21387 2.3 -2.5
Capn11 268958 1.0 -2.8 Grin2b 14812 -1.3 -6.8 Osbpl10 74486 1.4 -4.5 Tbx5 21388 2.7 -3.2
Capn12 60594 -1.0 -5.5 Grin2b 14812 2.2 -6.9 Osbpl11 106326 2.0 4.7 Tbx6 21389 12.8 1.2
Capn3 12335 1.1 2.6 Grin2b 14812 1.3 -7.9 Osbpl2 228983 -2.6 -1.5 Tbxa2r 21390 -1.6 -5.1
Capn5 12337 -1.9 -3.8 Grin2c 14813 -1.1 -8.6 Osbpl3 71720 -7.0 2.4 Tbxas1 21391 3.2 1.2
Capn7 12339 1.2 2.6 Grin2d 14814 1.1 -3.2 Osbpl3 71720 -102.8 -3.8 Tbxas1 21391 3.6 1.4
Capn8 170725 -2.0 -2.6 Grip2 243547 -1.3 -9.1 Osbpl5 79196 -7.2 -13.4 Tbxas1 21391 2.7 5.8
Caprin1 53872 1.8 9.2 Gripap1 54645 2.8 3.0 Osbpl6 99031 -3.3 1.4 Tc2n 74413 -20.4 -4.3
Caprin1 53872 1.5 2.1 Grk5 14773 3.9 2.6 Osbpl7 71240 1.0 -3.2 Tc2n 74413 -31.3 -3.9
Caprin2 232560 -4.8 -2.5 Grk5 14773 4.5 8.8 Osbpl8 237542 2.1 3.2 Tcam1 75870 1.5 -12.9
Capza1 12340 3.8 3.0 Grk6 26385 2.9 1.0 Osgin1 71839 -3.3 -2.3 Tcap 21393 -1.8 -10.1
Capza2 12343 3.1 2.0 Grm2 108068 1.5 -11.7 Osgin1 71839 -5.7 -4.1 Tcea1 21399 -2.4 3.5
Capza2 12343 2.6 9.4 Grm4 268934 2.7 -30.5 Osm 18413 47.0 22.5 Tcea1 21399 1.6 3.6
Capzb 12345 3.2 2.4 Grm5 108071 1.1 -11.5 Osm 18413 392.1 19.3 Tcea1 21399 1.2 5.9
Car1 12346 -1.3 -19.9 Grm7 108073 2.2 3.1 Osmr 18414 -5.2 -1.7 Tcea2 21400 -1.6 4.1
Car11 12348 -1.5 -4.5 Grm7 108073 1.1 -4.5 Osmr 18414 -16.5 -1.6 Tcea3 21401 -4.1 -7.4
Car12 76459 1.0 -8.8 Grpel1 17713 -2.5 -1.7 Osr1 23967 -1.4 -3.5 Tcea3 21401 -2.1 -3.9
Car15 80733 -1.1 -5.5 Grpr 14829 -2.0 1.4 Ostf1 20409 2.3 1.5 Tceal3 594844 -1.7 3.0
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Car3 12350 -2.5 -1.6 Grrp1 72690 -2.8 -7.7 Ostm1 14628 2.0 -1.2 Tceal8 66684 -2.4 -1.6
Car3 12350 1.0 -5.0 Grtp1 66790 -21.9 -3.4 Otoa 246190 -2.5 -11.9 Tceanc 245695 -4.1 4.0
Car5a 12352 1.4 -3.5 Grwd1 101612 1.2 6.4 Otog 18419 1.0 -21.0 Tceanc2 66526 1.6 4.6
Car6 12353 4.3 7.8 Gsap 212167 40.1 4.1 Otop2 237987 3.5 -2.0 Tceanc2 66526 7.7 4.9
Car7 12354 1.0 -4.9 Gsap 212167 1.4 8.1 Otor 57329 1.8 -14.1 Tceb3 27224 1.2 2.2
Car8 12319 -7.1 -1.4 Gsap 212167 10.3 -1.5 Ott 18422 -1.0 -5.2 Tceb3 27224 1.3 8.9
Card10 105844 -1.9 -3.6 Gsc2 195333 3.2 -1.9 Otub2 68149 -3.4 -3.2 Tcerg1l 70571 2.1 -1.6
Card11 108723 1.0 -2.9 Gsdma 57911 -3.2 -10.6 Otud3 73162 3.1 -2.9 Tcerg1l 70571 1.0 -2.9
Card14 170720 -2.4 -2.7 Gsdma2 76758 1.0 -5.2 Otud3 73162 -1.3 2.3 Tcf12 21406 -3.0 -2.9
Card6 239319 -2.5 -3.9 Gsdmc 83492 -5.0 -5.1 Otud4 73945 -1.4 4.6 Tcf12 21406 -1.0 3.7
Carf 241066 -1.2 3.3 Gsdmc2 331063 -8.9 -5.1 Otud4 73945 2.2 -2.9 Tcf15 21407 -1.0 -3.8
Carkd 69225 -2.6 -1.0 Gsdmc3 270328 -5.8 -5.3 Otud5 54644 2.5 1.5 Tcf21 21412 -3.6 -6.9
Carkd 69225 -2.0 3.7 Gsdmcl1 74236 1.3 -3.1 Otud7b 229603 -1.7 3.0 Tcf23 69852 1.0 -6.6
Carm1 59035 -3.5 1.1 Gsdmcl-ps 74460 2.0 -2.1 Otud7b 229603 -7.0 -5.5 Tcf7l1 21415 -3.6 -7.9
Cars 27267 1.1 2.4 Gsg1 14840 4.1 -3.7 Otud7b 229603 -8.2 -1.4 Tcf7l2 21416 -1.6 2.9
Cars 27267 1.2 3.6 Gsg1l 269994 -1.6 -4.5 Otud7b 229603 -3.6 -1.9 Tcf7l2 21416 1.0 11.2
Casc1 320662 2.8 2.2 Gsg2 14841 -3.4 1.6 Otulin 432940 1.5 2.2 Tcirg1 27060 4.5 2.9
Casc4 319996 -2.2 1.0 Gskip 66787 1.2 2.1 Otx1 18423 -1.1 -16.7 Tcl1 21432 1.7 -12.8
Casc4 319996 -12.9 -4.1 Gspt1 14852 -2.2 1.9 Ovca2 246257 3.9 2.0 Tcl1b1 27379 1.1 -19.1
Cask 12361 -1.4 -4.3 Gsr 14782 1.5 2.8 Ovgp1 12659 1.2 -4.3 Tcl1b2 27381 1.3 -8.6
Caskin1 268932 4.2 1.2 Gsr 14782 1.7 4.0 Ovol2 107586 -6.3 -11.6 Tcl1b3 27378 3.8 -1.5
Caskin2 140721 -5.5 -1.9 Gsr 14782 1.5 3.6 Ovol2 107586 -2.7 -35.0 Tcl1b4 27380 2.6 -7.0
Casp1 12362 2.4 -1.2 Gsta1 14857 -15.0 -6.6 Oxa1l 69089 -1.3 6.4 Tcl1b5 27382 1.3 -5.2
Casp12 12364 3.1 -3.3 Gsta2 14858 -30.2 -5.4 Oxct2a 64059 -3.5 -5.6 Tcof1 21453 4.2 2.6
Casp14 12365 1.0 -7.1 Gsta3 14859 -15.3 -16.5 Oxnad1 218885 -4.1 1.2 Tcp1 21454 1.2 7.6
Casp3 12367 1.1 2.5 Gsta3 14859 -25.8 -49.2 Oxr1 170719 1.1 2.3 Tcp10b 21462 11.3 4.6
Casp4 12363 2.9 1.4 Gsta4 14860 -6.9 -6.7 Oxsr1 108737 1.4 2.5 Tcp10c 100041352 4.1 -5.0
Casp7 12369 1.1 5.0 Gstcd 67553 -8.1 3.2 Oxt 18429 -1.1 -3.0 Tcp11l1 320554 3.1 -1.0
Casp8 12370 2.2 1.7 Gstk1 76263 -3.7 -1.4 Oxtr 18430 1.5 -14.1 Tcp11l1 320554 -1.0 4.8
Casp8ap2 26885 4.2 1.5 Gstm1 14862 -3.6 -3.5 P2rx1 18436 -23.6 -1.0 Tcrb-J 21580 1.6 -6.8
Cass4 320664 3.2 1.7 Gstm1 14862 -4.9 -4.9 P2rx2 231602 -1.3 -3.7 Tcstv1 54382 2.8 1.9
Cast 12380 -2.4 -2.3 Gstm2 14863 -6.9 -5.6 P2rx3 228139 1.1 -2.0 Tcstv1 54382 1.2 -6.5
Cast 12380 -2.4 -1.0 Gstm3 14864 -5.4 -5.3 P2rx4 18438 2.6 -1.0 Tcstv3 236219 1.0 7.1
Cast 12380 -2.5 -1.5 Gstm4 14865 -4.5 -16.0 P2rx4 18438 3.1 1.1 Tcte2 21646 4.9 -1.4
Casz1 69743 -3.9 1.1 Gstm5 14866 -5.5 1.2 P2rx5 94045 9.3 3.9 Tcte3 21647 1.6 2.0
Casz1 69743 -2.4 -1.9 Gstm6 14867 -10.3 -6.2 P2rx6 18440 3.6 -4.3 Tctex1d2 66061 3.0 3.6
Catsper1 225865 -1.7 -2.8 Gstm6 14867 -7.2 -1.1 P2rx7 18439 2.9 1.1 Tctex1d4 242646 3.4 -2.0
Catsper1 225865 4.9 -5.9 Gstm7 68312 -2.4 -8.5 P2rx7 18439 2.7 -1.0 Tctn1 654470 3.0 -1.4
Catsper3 76856 1.0 -15.4 Gsto1 14873 -3.1 -2.2 P2ry1 18441 -6.5 -1.5 Tctn3 67590 1.5 3.1
Catsperb 271036 -1.4 -3.2 Gstt1 14871 -2.9 -1.2 P2ry13 74191 5.4 -1.2 Tdg 21665 -1.2 2.5
Catsperg2 76718 1.2 -6.5 Gstt2 14872 -4.4 -3.6 P2ry14 140795 3.1 1.1 Tdgf1 21667 -8.1 -9.1
Catsperg2 76718 -3.4 7.0 Gstt3 103140 -6.9 -4.4 P2ry2 18442 2.9 11.2 Tdh 58865 -1.3 -10.3
Cav1 12389 -4.9 -3.2 Gstz1 14874 -6.3 1.2 P2ry2 18442 11.1 8.0 Tdo2 56720 2.6 -1.1
Cav1 12389 -5.1 -4.0 Gsx1 14842 -1.5 -5.2 P2ry6 233571 3.5 1.2 Tdp2 56196 -7.5 -1.7
Cav2 12390 -5.5 -2.7 Gt(ROSA)26Sor 14910 -1.8 2.4 P4ha1 18451 3.3 1.3 Tdp2 56196 -3.1 5.7
Cav3 12391 1.0 -2.7 Gtdc1 227835 8.7 2.9 P4ha1 18451 2.5 2.6 Tdpoz1 207213 1.0 -2.9
Cbfa2t2 12396 -4.0 1.4 Gtf2a1 83602 1.2 4.0 Pabpc1 18458 3.4 22.6 Tdrd1 83561 2.2 -3.2
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Cbfa2t2 12396 -1.0 2.3 Gtf2a1 83602 -1.6 2.4 Pabpc2 18459 1.0 -5.5 Tdrd1 83561 1.0 -13.9
Cbfb 12400 1.8 2.1 Gtf2a1 83602 1.4 2.4 Pabpc4 230721 -2.1 1.3 Tdrd12 71981 1.1 -2.9
Cbfb 12400 1.2 2.3 Gtf2a1l 71828 -1.8 2.6 Pabpc6 67543 2.0 -6.3 Tdrd3 219249 -2.5 1.6
Cbl 12402 2.8 2.1 Gtf2f2 68705 1.4 3.1 Pabpn1 54196 -2.4 -1.3 Tdrd3 219249 -3.4 5.0
Cbl 12402 4.5 10.0 Gtf2f2 68705 -1.2 2.8 Pabpn1 54196 1.1 6.7 Tdrd5 214575 -1.2 -3.8
Cblb 208650 3.0 22.5 Gtf2h1 14884 1.6 4.9 Pacrg 69310 -4.0 -3.7 Tdrd5 214575 1.0 -2.9
Cblc 80794 -4.0 -12.4 Gtf2h3 209357 -1.4 -3.2 Pacs2 217893 2.1 1.1 Tdrd6 210510 2.2 -2.9
Cbln1 12404 1.4 -4.4 Gtf2h5 66467 3.1 5.6 Pacs2 217893 3.4 1.9 Tdrkh 72634 5.2 4.1
Cbln2 12405 3.4 -3.2 Gtf2i 14886 -3.1 -3.2 Pacs2 217893 2.8 1.1 Tdrp 72148 -6.2 -1.5
Cbln2 12405 2.5 5.3 Gtf2i 14886 -3.2 -2.3 Pacsin1 23969 -1.7 -5.8 Tead1 21676 -15.7 -6.2
Cbr1 12408 -3.9 -1.3 Gtf2ird1 57080 -3.4 -1.7 Pacsin1 23969 2.5 2.9 Tead1 21676 -10.1 -1.0
Cbr3 109857 -3.0 -2.8 Gtf2ird1 57080 -2.7 -2.1 Pacsin2 23970 2.0 2.4 Tead3 21678 -9.7 -3.0
Cbr4 234309 -1.9 -2.6 Gtf2ird2 114674 -1.5 3.0 Pacsin3 80708 -4.9 -4.5 Tead4 21679 3.7 -2.6
Cbs 12411 -1.1 -3.1 Gtf3c3 98488 -2.1 2.8 Padi1 18599 -1.8 -2.4 Tec 21682 2.6 1.6
Cbx2 12416 -2.4 1.4 Gtf3c4 269252 1.6 10.7 Padi2 18600 2.4 9.1 Tecpr2 104859 1.6 -2.7
Cbx6 494448 -3.2 -1.6 Gtf3c5 70239 1.3 2.7 Padi3 18601 4.1 -10.2 Tecpr2 104859 4.5 2.9
Cbx6 494448 -4.8 -2.2 Gtl3 14894 -2.2 -1.4 Padi4 18602 -1.1 4.3 Tecta 21683 -2.3 1.0
Cbx6 494448 -3.0 -2.0 Gtpbp10 207704 1.5 5.9 Padi6 242726 -1.4 -8.1 Tef 21685 -3.8 1.2
Cby1 73739 3.5 -1.2 Gtpbp10 207704 -1.8 2.1 Paf1 54624 2.2 -1.4 Tek 21687 -2.3 -1.5
Cc2d1b 319965 2.0 8.1 Gtpbp2 56055 2.1 3.2 Pafah1b1 18472 -1.4 -73.0 Tekt1 21689 2.2 -8.3
Ccar1 67500 -1.3 2.1 Gtpbp3 70359 3.1 1.9 Pafah1b2 18475 1.3 2.7 Tekt1 21689 1.1 -3.2
Ccar1 67500 2.0 2.9 Gtpbp4 69237 -1.1 3.7 Pafah1b3 18476 -1.5 -2.4 Tekt4 71840 1.1 -7.4
Ccar2 219158 1.4 2.6 Gtpbp8 66067 -1.7 3.4 Pafah2 100163 -5.2 -3.3 Tenc1 209039 -2.1 -1.3
Ccbe1 320924 1.6 3.5 Gtpbp8 66067 -1.3 3.8 Pag1 94212 -1.4 6.5 Tenm2 23964 1.2 2.4
Ccbe1 320924 1.0 -3.0 Gtsf1l 68236 1.3 -4.5 Pag1 94212 1.1 5.2 Tenm3 23965 -2.3 4.6
Ccbl1 70266 -11.1 -3.7 Guca2a 14915 -3.1 -2.2 Paics 67054 -2.1 -1.3 Tenm3 23965 -4.1 1.7
Ccdc102a 234582 5.4 -1.1 Gucd1 68778 -2.2 -1.9 Paip1 218693 -2.4 1.3 Tenm4 23966 6.2 -2.2
Ccdc103 73293 -9.4 -6.3 Gucd1 68778 2.3 -1.0 Paip1 218693 1.1 2.4 Tenm4 23966 -3.3 1.6
Ccdc103 73293 1.0 -2.5 Gucy1a3 60596 -10.5 2.0 Paip2b 232164 -2.5 -1.5 Tenm4 23966 1.1 -17.6
Ccdc107 622404 -2.1 -2.3 Gucy1b2 239134 1.6 2.6 Pak1ip1 68083 -1.3 4.1 Tenm4 23966 1.1 -3.0
Ccdc108 241116 -1.0 -7.0 Gucy1b3 54195 -3.0 1.7 Pak1ip1 68083 -1.5 2.3 Tepp 73407 1.1 -47.5
Ccdc108 241116 -1.3 -2.6 Gucy2c 14917 1.4 -4.5 Pak3 18481 1.6 3.3 Terc 21748 1.7 -17.9
Ccdc109b 66815 3.2 1.2 Gucy2e 14919 -1.2 -2.9 Pak4 70584 -1.4 -4.2 Terf1 21749 -1.2 -4.7
Ccdc11 74453 1.0 -3.4 Guf1 231279 -2.1 1.7 Pak6 214230 2.0 -7.6 Terf2 21750 1.7 3.2
Ccdc114 211535 -4.8 -1.0 Guk1 14923 -2.7 1.1 Palb2 233826 -1.9 -4.2 Terf2ip 57321 -5.7 -1.4
Ccdc115 69668 2.5 2.0 Gulo 268756 -6.8 -9.8 Pald1 27355 5.1 2.2 Tes 21753 4.9 5.1
Ccdc116 76872 -18.9 1.6 Gulo 268756 2.5 -7.7 Pald1 27355 1.9 4.1 Tescl 69301 1.8 -4.9
Ccdc117 104479 1.6 13.1 Gulp1 70676 -1.4 -23.0 Palm 18483 1.3 3.0 Tesk2 230661 3.5 7.1
Ccdc12 72654 2.0 1.1 Gulp1 70676 1.0 -6.9 Palm2 242481 -8.7 -3.4 Tespa1 67596 -1.5 -2.1
Ccdc120 54648 -9.9 -1.7 Gusb 110006 2.5 1.3 Palm2 242481 1.1 -4.5 Tet1 52463 1.0 -5.1
Ccdc122 108811 -12.6 -1.2 Gusb 110006 2.8 -1.1 Palm3 74337 2.2 -3.1 Tet2 214133 1.8 3.1
Ccdc125 76041 1.0 4.4 Gvin1 74558 1.5 2.2 Pam 18484 -2.7 -1.0 Tet2 214133 1.1 9.9
Ccdc126 57895 -1.2 -2.3 Gvin1 74558 2.9 1.7 Pamr1 210622 -8.2 -2.1 Tet3 194388 3.0 2.2
Ccdc127 67433 1.0 2.2 Gvin1 74558 2.6 2.7 Pan2 103135 -1.6 4.5 Tet3 194388 3.4 2.4
Ccdc129 232016 -6.5 -1.4 Gxylt1 223827 2.9 3.5 Pan3 72587 -1.4 3.1 Tex10 269536 -2.3 1.6
Ccdc13 100502861 -1.2 -4.4 Gyk 14933 6.9 11.2 Pank1 75735 -3.2 1.0 Tex101 56746 2.2 -7.3
Ccdc132 73288 7.8 3.1 Gyk 14933 2.5 7.1 Pank3 211347 1.2 2.6 Tex12 66654 -1.2 2.2
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Ccdc134 76457 5.0 1.3 Gyk 14933 13.6 10.9 Pank4 269614 1.4 3.7 Tex13a 67944 -1.8 -5.3
Ccdc135 330830 -1.4 -3.1 Gyk 14933 6.0 7.2 Papd5 214627 5.6 4.6 Tex14 83560 4.6 -2.3
Ccdc136 232664 -1.7 -11.1 Gyltl1b 228366 -9.9 -5.9 Papd5 214627 1.3 4.5 Tex15 104271 -2.0 -2.1
Ccdc141 545428 -9.6 1.3 Gypa 14934 1.4 -3.5 Papd7 210106 3.2 1.3 Tex19.2 70956 1.4 -5.8
Ccdc146 75172 13.7 11.0 Gzmk 14945 -1.9 -6.4 Papl 101744 1.6 -12.7 Tex2 21763 2.2 1.9
Ccdc147 381229 1.1 -12.3 H13 14950 2.1 1.4 Papln 170721 -4.4 1.3 Tex21 80384 1.2 -5.8
Ccdc149 100503884 -17.4 -1.7 H13 14950 13.6 3.2 Papola 18789 1.7 2.0 Tex26 75860 1.6 -5.2
Ccdc15 245902 -1.6 2.6 H1fnt 70069 2.0 -3.0 Papolg 216578 1.1 3.3 Tex26 75860 1.7 -16.9
Ccdc151 77609 -2.5 -4.1 H2-Ab1 14961 2.3 1.0 Papss1 23971 -1.2 2.0 Tex264 21767 -1.2 -2.0
Ccdc155 384619 2.2 -2.2 H2afb1 68231 1.3 -2.6 Papss2 23972 2.7 2.7 Tex30 75623 -1.4 2.2
Ccdc157 216516 2.3 3.3 H2afx 15270 3.0 1.4 Paqr3 231474 -3.0 -2.0 Tex30 75623 3.8 2.0
Ccdc159 67119 -2.0 -17.5 H2afy2 404634 -1.3 2.2 Paqr3 231474 4.4 1.7 Tex33 73376 7.5 1.2
Ccdc159 67119 -3.6 -7.4 H2afy3 67552 1.2 10.2 Paqr3 231474 3.2 1.9 Tex38 75173 -1.2 -11.5
Ccdc162 75973 2.6 -38.5 H2afz 51788 1.3 8.1 Paqr5 74090 -12.7 -4.6 Tex38 75173 1.8 -31.1
Ccdc163 68394 4.6 2.0 H2-DMa 14998 2.6 1.1 Paqr5 74090 -13.5 -7.3 Tex40 67077 -5.6 -1.0
Ccdc171 320226 -5.3 -1.1 H2-DMb1 14999 2.8 1.5 Paqr6 68957 -2.0 -4.4 Tfam 21780 -3.8 -1.4
Ccdc174 232236 -1.4 -2.0 H2-DMb2 15000 1.8 3.3 Paqr8 74229 -9.0 1.5 Tfam 21780 -1.1 -2.0
Ccdc175 73936 3.3 1.5 H2-Ke2 14976 1.4 -2.0 Pard3 93742 -14.1 -8.3 Tfap2a 21418 -1.7 -2.3
Ccdc176 72873 -4.7 1.3 H2-M3 14991 2.1 1.1 Pard3 93742 -2.1 -5.2 Tfap2c 21420 -2.8 -2.1
Ccdc176 72873 -6.4 1.3 H2-M3 14991 2.2 1.1 Pard3 93742 -18.4 -6.7 Tfap2d 226896 1.2 -3.0
Ccdc181 74895 -2.1 -1.7 H2-Oa 15001 -1.2 3.6 Pard3 93742 -9.1 -15.7 Tfb1m 224481 -1.7 5.2
Ccdc184 239650 -8.4 -5.1 H2-Oa 15001 1.2 5.0 Pard3b 72823 -2.5 1.3 Tfb2m 15278 -2.0 5.7
Ccdc185 433386 1.0 -7.1 H2-Q1 15006 -7.6 -1.7 Pard3b 72823 1.7 -5.7 Tfcp2 21422 -3.2 1.0
Ccdc19 71870 -7.0 -6.8 H2-Q10 15007 4.6 1.8 Pard6b 58220 -18.2 -7.9 Tfcp2l1 81879 -24.8 -3.6
Ccdc23 69216 2.5 2.0 H2-Q10 15007 13.3 5.7 Pard6b 58220 -2.4 -4.8 Tfcp2l1 81879 -1.9 -5.1
Ccdc25 67179 -1.6 7.2 H2-Q10 15007 6.1 2.2 Pard6b 58220 -1.4 -5.5 Tfcp2l1 81879 -23.9 -4.0
Ccdc27 381580 1.6 -14.7 H2-Q5 15016 3.8 2.8 Pard6g 93737 -12.6 -1.8 Tfdp1 21781 1.9 3.7
Ccdc28a 215814 -3.5 1.5 H2-T24 15042 2.7 -1.5 Pard6g 93737 -11.9 -5.0 Tfdp2 211586 -2.9 1.4
Ccdc28a 215814 -2.5 -1.7 H2-T24 15042 3.0 1.3 Parg 26430 2.2 2.1 Tfdp2 211586 -12.2 2.1
Ccdc28b 66264 1.9 2.0 H2-T3 15043 1.4 -7.5 Park2 50873 -4.4 -7.4 Tfe3 209446 5.2 1.2
Ccdc3 74186 -10.3 -19.5 H3f3b 15081 6.6 4.5 Park2 50873 -24.4 2.3 Tfe3 209446 3.0 1.3
Ccdc30 73332 2.0 -32.5 H60a 15101 5.9 1.4 Parl 381038 7.2 2.9 Tfe3 209446 4.9 1.1
Ccdc30 73332 1.5 -2.9 H60c 670558 -2.6 -2.5 Parm1 231440 -7.9 -5.9 Tfeb 21425 2.1 1.3
Ccdc30 73332 2.5 1.3 Haao 107766 2.2 -1.5 Parn 74108 -1.4 -4.0 Tfec 21426 5.8 1.9
Ccdc30 73332 -2.6 -32.3 Hadh 15107 -7.2 -2.5 Parn 74108 -2.7 -1.6 Tfec 21426 3.9 1.9
Ccdc33 382077 1.1 -6.5 Hamp 84506 -14.1 -3.5 Parp1 11545 2.0 2.5 Tff1 21784 2.0 -2.8
Ccdc33 382077 1.0 -2.7 Hamp2 66438 1.7 -8.2 Parp1 11545 1.9 2.7 Tff2 21785 -1.7 -6.9
Ccdc38 237465 2.0 2.8 Hand2 15111 3.3 -1.3 Parp10 671535 3.5 2.2 Tff3 21786 3.6 -1.4
Ccdc39 51938 -1.1 2.9 Hand2 15111 -1.0 -8.4 Parp12 243771 4.8 8.1 Tfpi 21788 3.0 -1.6
Ccdc39 51938 -2.3 1.5 Hao1 15112 1.7 -9.6 Parp14 547253 12.0 2.8 Tg 21819 -1.0 -2.2
Ccdc40 207607 4.8 -4.5 Hap1 15114 2.9 -1.5 Parp14 547253 2.7 2.0 Tgfa 21802 -2.7 -1.2
Ccdc43 52715 1.6 4.7 Hapln3 67666 1.2 -2.2 Parp14 547253 5.9 3.3 Tgfa 21802 -1.9 -5.3
Ccdc50 67501 2.3 1.9 Hapln4 330790 1.7 -6.2 Parp2 11546 2.3 1.5 Tgfb1 21803 4.7 2.8
Ccdc50 67501 1.7 2.0 Harbi1 241547 -3.2 -1.9 Parp2 11546 19.2 10.0 Tgfb3 21809 -3.0 -1.2
Ccdc51 66658 -2.2 -3.7 Has2 15117 -1.4 -2.7 Parp3 235587 2.3 1.2 Tgfbi 21810 5.4 2.0
Ccdc55 237859 -1.4 2.0 Hat1 107435 4.7 6.3 Parp3 235587 2.6 2.0 Tgfbr1 21812 3.9 2.0
Ccdc57 71276 1.2 -9.6 Haus2 66296 -1.5 3.7 Parp8 52552 3.3 2.8 Tgfbr1 21812 6.1 3.4
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Ccdc64 75665 -3.1 -4.8 Haus3 231123 3.5 3.7 Parp9 80285 1.6 3.5 Tgfbr3 21814 -6.7 -1.6
Ccdc64b 212733 -1.5 -13.7 Haus5 71909 2.5 1.1 Parpbp 75317 1.0 -2.2 Tgfbrap1 73122 3.9 -1.2
Ccdc65 105833 3.1 2.1 Haus5 71909 3.4 1.3 Pars2 230577 -3.1 -2.0 Tgif1 21815 1.5 3.0
Ccdc66 320234 1.2 2.1 Haus6 230376 -1.1 3.6 Parva 57342 -2.5 -1.7 Tgm1 21816 5.3 1.4
Ccdc68 381175 -5.8 -2.0 Haus6 230376 -1.4 6.6 Parva 57342 -6.3 -3.7 Tgm2 21817 1.7 3.9
Ccdc7 74703 1.5 -5.1 Haus7 73738 4.4 1.8 Parvb 170736 3.7 1.5 Tgm3 21818 1.5 -3.9
Ccdc7 74703 1.4 -6.6 Haus8 76478 2.9 2.5 Parvb 170736 3.2 1.1 Tgm5 74176 -15.4 -18.3
Ccdc70 67929 1.0 -4.5 Havcr1 171283 1.0 -7.9 Parvg 64099 3.4 3.2 Tgoln2 22135 5.6 2.0
Ccdc71 72454 2.8 -3.9 Havcr1 171283 3.2 -2.2 Pawr 114774 -4.7 1.2 Tgs1 116940 5.9 1.3
Ccdc71l 72123 3.9 16.6 Havcr2 171285 5.5 23.7 Pax1 18503 1.9 -5.3 Tgs1 116940 9.6 2.2
Ccdc71l 72123 1.3 4.1 Havcr2 171285 5.4 24.1 Pax4 18506 1.0 -5.2 Tgs1 116940 2.1 1.1
Ccdc77 67200 -9.5 3.3 Hax1 23897 1.1 2.1 Pax5 18507 -2.0 -7.0 Tgtp1 21822 1.7 -3.2
Ccdc78 381077 7.9 1.9 Hba-a1 15122 -3.8 -2.0 Pax6 18508 -1.1 -15.2 Th 21823 1.6 -5.8
Ccdc82 66396 -2.1 1.9 Hba-a2 110257 -4.2 -2.0 Pax7 18509 1.2 -11.8 Thada 240174 1.1 9.5
Ccdc82 66396 -7.6 6.8 Hbb-bt 101488143 -4.8 -2.9 Pax8 18510 1.6 -4.5 Thada 240174 1.7 11.0
Ccdc85a 216613 1.5 -3.3 Hbb-bt 101488143 -5.1 -1.7 Paxbp1 67367 1.1 2.3 Thap1 73754 -1.4 2.0
Ccdc85b 240514 -1.3 -2.3 Hbb-bt 101488143 -4.2 -1.5 Paxbp1 67367 1.4 3.3 Thap2 66816 -3.7 3.5
Ccdc86 108673 7.2 2.0 Hbb-bt 101488143 -4.5 -1.6 Paxip1 55982 -1.1 -2.0 Thap3 69876 -1.2 -3.9
Ccdc87 399599 1.0 -3.9 Hbb-y 15135 1.9 2.0 Paxip1 55982 -1.0 -2.5 Thap6 381650 2.6 14.6
Ccdc88a 108686 2.6 5.5 Hbegf 15200 2.2 -2.8 Pbld1 68371 -4.6 -8.3 Thap6 381650 -1.7 3.9
Ccdc88a 108686 8.5 3.8 Hbq1b 544763 2.2 -7.2 Pbld1 68371 1.1 -2.3 Thbd 21824 -2.5 -1.4
Ccdc88a 108686 6.2 2.5 Hbs1l 56422 -1.1 3.0 Pbx1 18514 -3.0 -4.5 Thbs1 21825 6.4 26.7
Ccdc88a 108686 1.2 3.8 Hc 15139 -1.4 -9.1 Pbx1 18514 -2.7 1.1 Thbs1 21825 5.6 30.1
Ccdc88a 108686 -1.0 2.7 Hccs 15159 3.5 1.9 Pbx1 18514 -2.9 1.7 Thbs1 21825 7.0 43.3
Ccdc88b 78317 5.7 4.1 Hcfc1 15161 3.0 2.4 Pbx1 18514 -3.4 -2.2 Thbs2 21826 -14.9 -2.7
Ccdc88c 68339 1.2 3.7 Hcfc2 67933 -2.3 4.7 Pbx2 18515 1.4 2.1 Theg 21830 1.9 -10.1
Ccdc90b 66365 -2.5 1.4 Hck 15162 4.8 6.2 Pbx4 80720 -2.6 -1.8 Them6 223626 -2.6 -1.9
Ccdc91 67015 -2.0 -2.2 Hcls1 15163 3.9 1.6 Pbxip1 229534 1.4 2.4 Them7 74088 1.2 -3.8
Ccdc91 67015 -3.1 -1.9 Hcn1 15165 1.8 -4.9 Pcbd1 13180 -11.0 -5.1 Themis2 230787 2.4 1.3
Ccdc91 67015 -5.3 -1.4 Hcn2 15166 1.5 -3.3 Pcbp3 59093 -8.9 -1.6 Thnsl1 208967 -3.4 1.0
Ccdc92 215707 -4.2 -32.3 Hcn4 330953 1.8 -10.1 Pcca 110821 -2.0 6.0 Thnsl2 232078 -1.5 -13.7
Ccdc92 215707 -4.6 -1.3 Hcn4 330953 -1.0 -3.9 Pccb 66904 -2.3 -2.8 Thoc1 225160 -1.0 3.9
Ccdc93 70829 2.1 1.3 Hcrt 15171 4.1 -11.3 Pcdh1 75599 -7.6 -15.1 Thoc1 225160 1.2 2.5
Ccdc93 70829 1.3 2.5 Hcrtr1 230777 1.0 -2.9 Pcdh10 18526 1.1 -7.0 Thoc5 107829 2.6 2.3
Ccdc94 72886 1.4 4.5 Hdac11 232232 -29.4 -2.3 Pcdh12 53601 -2.0 -3.1 Thoc6 386612 2.7 2.6
Ccin 442829 1.1 -2.6 Hdac2 15182 3.0 1.3 Pcdh17 219228 3.1 -1.5 Thra 21833 -2.0 -2.1
Cck 12424 -2.6 -6.5 Hdac3 15183 -2.6 1.7 Pcdh17 219228 -1.8 2.3 Thrap3 230753 -1.6 2.6
Cckbr 12426 -1.3 -2.6 Hdac6 15185 5.7 2.8 Pcdh18 73173 -6.9 -1.4 Thrb 21834 -3.0 -2.0
Cckbr 12426 1.7 -5.1 Hdac7 56233 -1.4 5.8 Pcdh19 279653 -1.1 -2.2 Thrb 21834 -2.4 1.9
Ccl12 20293 10.5 1.1 Hdc 15186 36.2 98.0 Pcdh7 54216 -6.0 -7.1 Thrsp 21835 2.3 1.0
Ccl17 20295 6.9 4.8 Hddc3 68695 -2.7 -1.2 Pcdh7 54216 -5.6 1.5 Thsd1 56229 -7.7 1.8
Ccl19 24047 1.8 -9.6 Hdgfl1 15192 1.1 -12.0 Pcdh9 211712 1.8 -4.7 Thtpa 105663 -3.2 -1.1
Ccl2 20296 2.6 -1.0 Hdgfrp3 29877 3.4 1.4 Pcdha4 12936 2.4 -7.3 Thumpd1 233802 -2.2 1.8
Ccl20 20297 1.1 2.8 Hdhd1a 67365 1.4 -2.8 Pcdha4-g 100384868 -2.1 -2.9 Thumpd1 233802 1.2 5.4
Ccl21a 18829 -12.7 -21.9 Hdhd3 72748 1.1 -4.4 Pcdha6 12937 2.2 -1.7 Thumpd3 14911 -1.5 6.8
Ccl27a 20301 -7.0 -12.2 Heatr1 217995 4.2 3.7 Pcdha9 192161 2.3 -2.9 Thumpd3 14911 -1.2 2.9
Ccl28 56838 1.4 -17.5 Heatr1 217995 2.0 2.5 Pcdhac2 353237 6.8 -2.9 Tia1 21841 1.0 4.7
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Ccl3 20302 13.5 13.0 Heatr1 217995 5.2 1.8 Pcdhb10 93881 1.7 -7.4 Tia1 21841 -1.3 2.4
Ccl4 20303 31.1 10.2 Heatr2 433956 -1.8 2.4 Pcdhb14 93885 -2.2 -1.5 Tia1 21841 -1.5 4.4
Ccl5 20304 31.1 92.4 Heatr3 234549 3.0 7.9 Pcdhb15 93886 1.6 -23.3 Tia1 21841 -1.3 4.4
Ccl5 20304 11.4 16.3 Heatr5a 320487 4.1 -1.2 Pcdhb16 93887 -5.2 -9.5 Tiaf2 223431 -4.3 -7.5
Ccl7 20306 9.1 2.4 Heatr5a 320487 1.1 6.9 Pcdhb16 93887 1.1 -3.6 Tiam2 24001 -1.8 4.5
Ccl7 20306 5.7 1.8 Heatr5a 320487 2.5 1.0 Pcdhb20 93891 -5.3 -1.1 Ticam1 106759 -1.1 -3.4
Ccl9 20308 2.1 1.4 Heatr5a 320487 -1.7 3.9 Pcdhb3 93874 -1.8 -2.2 Tifa 211550 3.5 2.5
Ccna1 12427 -1.0 -5.5 Heatr5b 320473 -4.4 3.7 Pcdhb5 93876 2.9 -7.5 Tifab 212937 17.1 -2.0
Ccnb1 268697 -2.4 -1.6 Heatr5b 320473 2.8 3.8 Pcdhb6 93877 1.2 -14.6 Tigd2 68140 5.0 3.2
Ccnb2 12442 1.0 -4.3 Heatr6 217026 1.1 7.0 Pcdhb9 93880 1.0 -4.7 Tigd3 332359 2.2 -4.2
Ccnc 51813 1.7 7.3 Heatr6 217026 2.7 4.9 Pcdhga4 93712 -5.4 1.7 Timd2 171284 1.2 -6.7
Ccnd2 12444 -2.9 2.1 Heatr9 629303 -1.4 7.0 Pcdhga7 93715 -4.3 -8.5 Timeless 21853 3.9 4.2
Ccne1 12447 5.9 -1.0 Hebp2 56016 -6.3 -2.5 Pcdhga9 93717 -2.6 -2.0 Timeless 21853 2.9 1.9
Ccne1 12447 -2.3 -15.1 Hectd1 207304 -1.8 3.5 Pcdhga9 93717 -2.6 -1.7 Timm10b 14356 2.2 1.5
Ccnf 12449 6.1 -1.1 Hectd1 207304 2.0 2.1 Pcdhga9 93717 -2.7 -2.4 Timm10b 14356 3.6 5.8
Ccng1 12450 1.3 2.4 Hectd2 226098 1.2 -14.5 Pced1a 319513 2.4 -1.4 Timm10b 14356 2.0 1.8
Ccnj 240665 -1.1 2.1 Hectd2 226098 1.1 -13.2 Pcf11 74737 4.0 7.7 Timm22 56322 1.4 -4.1
Ccnk 12454 -1.2 2.1 Hectd3 76608 1.1 2.1 Pcf11 74737 -1.5 2.5 Timm50 66525 3.4 1.3
Ccnk 12454 2.9 -2.4 Hecw2 329152 1.0 -2.2 Pcf11 74737 1.1 2.2 Timm8a1 30058 2.5 2.4
Ccnl1 56706 2.9 2.8 Hecw2 329152 1.3 -2.5 Pcf11 74737 1.6 2.6 Timm9 30056 4.8 2.6
Ccnl1 56706 2.3 2.7 Heg1 77446 1.6 2.4 Pcgf2 22658 -3.2 -2.0 Timmdc1 76916 1.1 -8.0
Ccnl1 56706 2.3 2.0 Helb 117599 2.6 4.0 Pcgf3 69587 3.3 1.8 Timmdc1 76916 1.1 3.2
Ccnl2 56036 1.2 2.3 Helb 117599 2.0 2.0 Pcgf3 69587 -6.7 1.2 Timp1 21857 4.8 2.3
Ccnl2 56036 3.0 7.2 Hells 15201 5.6 -1.5 Pcgf5 76073 4.7 1.3 Timp3 21859 -5.9 -3.3
Ccnl2 56036 -1.2 4.2 Helq 191578 10.3 4.1 Pcgf5 76073 1.1 5.4 Timp4 110595 -1.2 -3.6
Ccnt2 72949 1.4 2.0 Helq 191578 1.3 7.9 Pcgf6 71041 -2.2 1.1 Tinagl1 94242 -3.8 -7.1
Ccnyl1 227210 7.6 1.4 Helt 234219 -1.1 -7.8 Pcid2 234069 1.3 5.1 Tinagl1 94242 -7.2 -1.7
Ccnyl1 227210 3.3 3.2 Helz2 229003 7.7 18.2 Pcid2 234069 4.9 7.8 Tinf2 28113 5.6 2.5
Ccpg1 72278 -2.2 -1.9 Helz2 229003 1.3 18.5 Pcif1 228866 6.8 -1.0 Tinf2 28113 3.4 3.5
Ccpg1os 546143 -2.7 -1.1 Hemt1 15202 3.5 -1.0 Pclo 26875 -1.0 -4.9 Tiprl 226591 5.2 2.4
Ccr1 12768 17.1 7.8 Hepacam 72927 1.0 -5.1 Pcm1 18536 -2.3 -1.2 Tirap 117149 1.3 2.0
Ccr1l1 12770 -1.0 -9.5 Hepacam2 101202 4.0 -4.1 Pcmt1 18537 1.6 2.7 Tjap1 74094 3.1 6.0
Ccr2 12772 2.4 3.9 Herc1 235439 4.0 1.4 Pcmtd2 245867 -4.4 1.2 Tjp1 21872 -5.9 -2.1
Ccr2 12772 2.6 4.4 Herc1 235439 1.0 3.2 Pcnt 18541 -1.6 2.8 Tjp1 21872 -6.2 -4.0
Ccr5 12774 10.3 3.4 Herc1 235439 1.2 -2.7 Pcnx 54604 -1.3 2.1 Tjp2 21873 -3.1 1.1
Ccr6 12458 2.0 -11.8 Herc1 235439 -1.8 -2.5 Pcnx 54604 1.6 3.8 Tjp3 27375 -4.8 -3.6
Ccr9 12769 -1.2 -3.2 Herc2 15204 1.0 2.5 Pcnxl2 270109 -13.2 -1.1 Tk1 21877 5.8 1.3
Ccrl2 54199 31.6 17.8 Herc6 67138 7.2 5.7 Pcnxl2 270109 -1.3 -6.8 Tk2 57813 -2.1 -1.3
Ccrl2 54199 34.6 8.3 Herc6 67138 4.5 6.1 Pcnxl4 67708 1.1 -2.1 Tkt 21881 -2.7 4.2
Ccrn4l 12457 3.0 2.2 Herpud2 80517 -1.4 3.1 Pcnxl4 67708 -3.5 3.5 Tlcd2 380712 2.2 -1.8
Ccs 12460 1.0 -2.9 Hes1 15205 -6.5 -5.0 Pcnxl4 67708 -12.4 1.2 Tldc1 74347 1.6 7.3
Ccsap 73420 -1.0 -6.8 Hes2 15206 1.6 -2.5 Pcp2 18545 1.4 -4.6 Tle1 21885 -2.9 -1.7
Ccser2 72972 -1.3 2.6 Hes2 15206 2.1 -5.5 Pcp2 18545 2.0 -3.5 Tle2 21886 -2.9 -4.8
Cct3 12462 -1.1 2.6 Hexim1 192231 -1.1 -6.7 Pcp4 18546 -11.3 -1.1 Tle3 21887 1.8 3.3
Cct6a 12466 1.0 2.0 Hexim2 71059 6.0 -2.9 Pcp4l1 66425 -2.5 -3.5 Tle3 21887 1.9 5.9
Cct8 12469 1.0 2.3 Hexim2 71059 8.3 1.8 Pcsk1 18548 -4.3 1.2 Tle6 114606 -2.1 -6.5
Cct8l1 242891 -13.7 -1.7 Hey1 15213 -5.6 -1.6 Pcsk1n 30052 1.1 -4.8 Tlk1 228012 2.5 -2.4
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Cd109 235505 -4.9 -1.3 Heyl 56198 -2.3 -3.1 Pcsk1n 30052 2.3 -4.5 Tlk2 24086 1.2 2.7
Cd14 12475 6.4 2.0 Hfe 15216 8.5 -1.0 Pcsk1n 30052 1.7 -4.9 Tlk2 24086 1.0 2.4
Cd151 12476 -3.2 -1.9 Hfm1 330149 1.9 -6.1 Pcsk2 18549 1.0 -3.4 Tln1 21894 2.7 1.3
Cd160 54215 2.8 1.1 Hgf 15234 -4.9 1.7 Pcsk6 18553 -6.8 -2.0 Tln1 21894 3.1 1.5
Cd164 53599 -1.0 -4.6 Hgf 15234 2.1 2.7 Pcsk6 18553 -25.2 -5.9 Tln1 21894 2.5 1.2
Cd164l2 69655 -2.1 -2.4 Hgfac 54426 -2.4 -6.0 Pcsk7 18554 2.1 1.8 Tln2 70549 -15.9 -3.4
Cd19 12478 -1.7 -4.6 Hhat 226861 -1.4 -8.3 Pcx 18563 -3.4 -2.9 Tln2 70549 -4.5 -2.2
Cd1d1 12479 2.0 -1.0 Hhatl 74770 1.0 -36.7 Pcyox1 66881 -3.9 -1.1 Tln2 70549 -1.0 -4.4
Cd1d2 12480 5.4 1.4 Hhex 15242 3.1 1.8 Pcyt1a 13026 1.5 3.4 Tlr1 21897 42.1 5.2
Cd200r1 57781 13.0 1.6 Hhex 15242 14.1 2.2 Pcyt1b 236899 -1.2 -8.6 Tlr2 24088 18.3 2.4
Cd200r3 74603 -12.0 -6.1 Hhipl1 214305 1.0 -4.2 Pcyt2 68671 -1.2 -7.3 Tlr4 21898 5.4 1.6
Cd200r3 74603 -54.7 -18.9 Hiatl1 66631 -1.4 4.4 Pdcd10 56426 1.8 2.1 Tlr6 21899 57.4 3.1
Cd209c 170776 4.4 1.7 Hibadh 58875 -2.9 -1.1 Pdcd10 56426 1.6 3.9 Tlr8 170744 16.0 3.9
Cd22 12483 -1.2 -12.4 Hibch 227095 -2.2 -2.5 Pdcd1lg2 58205 5.4 34.2 Tlx2 21909 1.5 -3.3
Cd22 12483 1.3 2.2 Hibch 227095 -6.6 -1.8 Pdcd4 18569 -5.6 -1.5 Tm2d2 69742 2.0 -1.2
Cd226 225825 -5.1 3.5 Hic2 58180 -2.3 1.7 Pdcd6 18570 1.2 -2.1 Tm2d3 68634 -2.0 1.1
Cd244 18106 2.4 5.3 Hic2 58180 -2.9 -1.6 Pdcd6ip 18571 -2.8 1.7 Tm4sf1 17112 -2.6 -5.3
Cd244 18106 8.0 16.0 Hid1 217310 -5.6 -1.1 Pdcl 67466 -1.1 3.0 Tm4sf19 277203 1.8 3.9
Cd244 18106 10.1 23.0 Hif1a 15251 6.7 24.2 Pdcl3 68833 -2.4 1.7 Tm4sf4 229302 -1.0 -9.4
Cd247 12503 3.2 -4.1 Hif1an 319594 1.1 6.2 Pdcl3 68833 -2.7 2.4 Tm4sf5 75604 -2.3 -4.2
Cd274 60533 19.5 20.5 Hif1an 319594 1.6 2.1 Pde10a 23984 -1.2 2.9 Tm6sf1 107769 3.3 -1.0
Cd28 12487 1.0 -5.8 Hif3a 53417 -2.5 -3.1 Pde11a 241489 3.1 -2.3 Tm6sf2 107770 1.1 -6.2
Cd2ap 12488 -2.0 1.0 Hif3a 53417 1.1 -2.8 Pde11a 241489 -2.2 -22.7 Tm6sf2 107770 1.4 -3.1
Cd300a 217303 1.7 -4.2 Higd1b 75689 1.3 -2.8 Pde12 211948 1.5 2.6 Tm7sf2 73166 -3.7 -1.3
Cd300a 217303 4.4 -1.2 Hinfp 102423 4.8 4.3 Pde12 211948 2.1 2.0 Tm7sf3 67623 2.1 1.3
Cd300e 217306 -2.2 -4.1 Hinfp 102423 3.5 1.1 Pde12 211948 -1.3 2.4 Tma16 66282 8.2 2.4
Cd300lb 217304 2.3 2.1 Hint2 68917 -4.7 -1.5 Pde1a 18573 26.3 13.0 Tmbim1 69660 -1.9 -2.4
Cd300ld 217305 4.9 1.5 Hint3 66847 -3.3 -2.3 Pde1a 18573 2.2 1.2 Tmbim1 69660 -2.5 1.1
Cd300lf 246746 5.5 1.9 Hip1 215114 5.7 -1.8 Pde1b 18574 3.9 3.0 Tmc2 192140 1.1 -4.1
Cd300lf 246746 22.4 233.0 Hip1 215114 2.1 1.8 Pde1c 18575 -2.6 -29.3 Tmc4 353499 -6.4 -2.7
Cd300lg 52685 -1.4 -3.0 Hip1 215114 3.1 3.4 Pde3a 54611 -9.2 1.2 Tmc4 353499 -5.9 -3.1
Cd300lg 52685 1.2 -4.0 Hipk1 15257 -1.4 3.3 Pde3b 18576 1.5 2.4 Tmc5 74424 1.0 -5.2
Cd320 54219 -3.5 -1.5 Hipk1 15257 1.1 2.4 Pde4b 18578 9.7 4.4 Tmc7 209760 -10.4 -1.9
Cd33 12489 3.4 -1.6 Hipk2 15258 1.4 2.3 Pde4b 18578 16.1 6.8 Tmc7 209760 -1.5 -2.7
Cd38 12494 4.6 1.9 Hipk2 15258 1.6 2.4 Pde4b 18578 7.8 5.7 Tmc7 209760 -7.8 -15.7
Cd38 12494 4.3 -1.3 Hipk3 15259 -1.2 2.3 Pde4dip 83679 2.4 2.8 Tmc8 217356 -1.4 -2.6
Cd3d 12500 5.6 4.5 Hipk3 15259 1.6 2.2 Pde4dip 83679 -1.6 -2.6 Tmcc1 330401 3.8 1.2
Cd3eap 70333 1.2 2.4 Hira 15260 3.6 2.5 Pde4dip 83679 3.9 4.3 Tmcc2 68875 5.3 -2.4
Cd3g 12502 -2.6 -22.8 Hira 15260 2.1 4.6 Pde4dip 83679 -3.1 3.7 Tmcc3 319880 2.2 2.2
Cd4 12504 -1.0 -2.9 Hirip3 233876 2.9 -1.6 Pde5a 242202 -6.4 -7.9 Tmcc3 319880 -5.4 -1.3
Cd4 12504 -1.1 -8.7 Hist1h1d 14957 2.0 1.0 Pde6b 18587 2.1 -2.4 Tmco3 234076 2.7 5.9
Cd40 21939 2.9 -1.3 Hist1h1t 107970 1.7 -4.3 Pde6g 18588 2.7 1.6 Tmco4 77056 -1.6 -2.0
Cd40lg 21947 2.5 -3.0 Hist1h2ab 319172 1.3 -3.1 Pde6h 78600 17.7 -3.0 Tmco4 77056 -1.8 -6.0
Cd44 12505 3.7 4.9 Hist1h2be 319179 1.7 6.3 Pde7a 18583 -2.2 1.6 Tmco4 77056 -2.6 -1.5
Cd44 12505 3.2 6.2 Hist1h3a 360198 17.2 16.8 Pde7b 29863 5.3 10.0 Tmco5 67356 1.0 -66.2
Cd46 17221 -3.1 1.0 Hist1h4i 319158 18.3 3.9 Pde7b 29863 3.4 9.5 Tmco6 71983 2.8 4.1
Cd48 12506 2.1 -1.1 Hist2h2bb 319189 2.3 4.7 Pde7b 29863 15.2 10.0 Tmed5 73130 1.3 3.3
220
Cd48 12506 2.5 1.3 Hist2h2be 319190 11.8 -2.8 Pde8a 18584 1.7 7.7 Tmed7 66676 1.0 3.9
Cd5 12507 2.5 -3.4 Hivep1 110521 4.2 2.7 Pde9a 18585 -1.1 -3.9 Tmed7 66676 -1.0 5.3
Cd52 23833 2.6 3.1 Hivep2 15273 8.5 15.6 Pdgfa 18590 3.4 1.5 Tmed8 382620 1.9 6.9
Cd53 12508 3.4 1.5 Hivep3 16656 3.8 5.0 Pdgfb 18591 1.9 3.4 Tmeff2 56363 -2.4 -1.5
Cd55 13136 -5.5 -4.0 Hivep3 16656 5.6 27.4 Pdgfb 18591 7.0 9.3 Tmeff2 56363 -3.7 -1.6
Cd59a 12509 -3.5 -8.0 Hjurp 381280 -1.7 10.6 Pdgfd 71785 -23.1 -3.8 Tmem100 67888 -1.9 -2.8
Cd59a 12509 -3.9 2.2 Hjurp 381280 3.6 -12.4 Pdgfd 71785 -6.0 -1.5 Tmem106a 217203 5.1 -1.1
Cd59b 333883 -11.7 -7.2 Hk2 15277 4.7 4.6 Pdgfrl 68797 1.1 -3.1 Tmem106a 217203 2.6 1.0
Cd6 12511 1.3 -3.2 Hk3 212032 3.0 -1.6 Pdha1 18597 -2.9 1.0 Tmem106b 71900 -2.9 1.2
Cd68 12514 2.7 -1.0 Hkdc1 216019 1.0 -2.4 Pdhb 68263 1.1 5.2 Tmem106c 380967 -4.0 -2.5
Cd69 12515 6.4 5.6 Hltf 20585 2.6 -1.3 Pdhx 27402 -1.2 2.2 Tmem106c 380967 -2.7 -2.1
Cd7 12516 3.7 4.5 Hltf 20585 -1.1 2.9 Pdia6 71853 3.5 5.3 Tmem108 81907 1.0 -8.9
Cd70 21948 -1.0 -5.1 Hlx 15284 8.5 1.2 Pdia6 71853 2.0 1.7 Tmem110 69179 2.4 3.9
Cd72 12517 6.1 1.6 Hmbox1 219150 1.5 2.9 Pdia6 71853 2.0 2.0 Tmem110 69179 2.9 8.9
Cd72 12517 5.3 1.1 Hmbox1 219150 1.1 2.2 Pdk1 228026 -2.1 1.5 Tmem110 69179 1.2 2.7
Cd79a 12518 -2.3 -2.1 Hmbs 15288 1.6 2.0 Pdk1 228026 -3.5 1.0 Tmem115 56395 1.4 -3.4
Cd80 12519 48.0 8.5 Hmces 232210 -3.2 -1.2 Pdk2 18604 -3.1 -3.8 Tmem116 77462 1.1 -2.1
Cd80 12519 15.9 7.1 Hmces 232210 -5.4 1.8 Pdk3 236900 1.2 2.5 Tmem117 320709 -3.8 -8.9
Cd81 12520 -2.1 -2.4 Hmg20a 66867 -2.3 1.2 Pdk3 236900 1.2 7.0 Tmem117 320709 1.0 -3.4
Cd82 12521 -1.8 -2.8 Hmg20a 66867 -1.5 8.3 Pdk4 27273 -28.7 -12.6 Tmem119 231633 4.2 3.4
Cd83 12522 6.8 1.5 Hmga2 15364 -2.6 1.2 Pdlim1 54132 -3.4 -2.2 Tmem120b 330189 2.1 1.7
Cd84 12523 3.1 1.8 Hmga2-ps1 15365 1.4 -10.0 Pdlim1 54132 2.3 -1.1 Tmem121 69195 1.2 -5.2
Cd86 12524 13.8 1.1 Hmgb3 15354 -2.3 -2.0 Pdlim3 53318 -2.9 -1.2 Tmem123 71929 -3.1 -1.0
Cd86 12524 14.5 3.5 Hmgcr 15357 1.5 4.2 Pdlim4 30794 3.1 1.3 Tmem125 230678 -8.7 -1.9
Cd8a 12525 3.0 -1.8 Hmgcr 15357 2.4 9.3 Pdlim5 56376 1.9 3.2 Tmem126a 66271 1.5 12.1
Cd8b1 12526 5.8 -4.6 Hmgcr 15357 1.3 2.7 Pdlim7 67399 2.0 8.0 Tmem126b 68472 -1.8 2.1
Cd93 17064 1.4 -2.0 Hmgcs1 208715 -2.8 1.1 Pdpk1 18607 1.3 2.0 Tmem128 66309 1.8 3.6
Cd97 26364 2.8 1.7 Hmgcs2 15360 -5.7 -5.9 Pdpr 319518 -1.0 4.2 Tmem129 68366 -1.4 -2.1
Cd99 673094 1.6 -2.5 Hmgn1 15312 -2.9 -2.6 Pdpr 319518 -2.3 7.9 Tmem131 56030 1.3 2.9
Cd99 673094 -1.4 -2.3 Hmgn3 94353 -7.2 2.1 Pdpr 319518 -1.4 3.2 Tmem132e 270893 1.0 -27.7
Cd99l2 171486 -3.2 -2.1 Hmgn3 94353 -5.6 -2.2 Pds5a 71521 -3.4 4.7 Tmem134 66990 -2.1 -1.1
Cd99l2 171486 -6.8 -5.9 Hmgn5 50887 -1.5 7.7 Pds5a 71521 4.7 2.4 Tmem135 72759 -1.0 3.8
Cdadc1 71891 1.0 -2.3 Hmgxb4 70823 1.8 3.2 Pds5b 100710 6.9 -2.9 Tmem138 72982 -2.4 -2.2
Cdan1 68968 -1.6 2.0 Hmgxb4 70823 -1.8 -3.2 Pdss1 56075 2.4 2.3 Tmem139 109218 -3.1 -4.0
Cdc123 98828 -2.2 1.4 Hmha1 70719 2.2 1.8 Pdss1 56075 3.2 1.2 Tmem140 68487 -1.2 -3.1
Cdc14a 229776 9.1 1.0 Hmha1 70719 3.0 1.6 Pdx1 18609 -1.0 -10.4 Tmem144 70652 1.1 -4.0
Cdc14a 229776 2.1 3.7 Hmmr 15366 12.9 -2.3 Pdxdc1 94184 1.0 -2.9 Tmem14a 75712 -3.9 -2.5
Cdc23 52563 -2.0 2.2 Hmox1 15368 4.9 1.9 Pdxp 57028 5.6 -1.5 Tmem14a 75712 1.0 -3.1
Cdc25a 12530 -1.1 -3.3 Hmox1 15368 4.6 5.8 Pdzd2 68070 -4.0 -3.7 Tmem150b 330460 14.8 7.0
Cdc26 66440 1.4 2.2 Hmx1 15371 -1.0 -2.9 Pdzd2 68070 -3.1 -4.8 Tmem150b 330460 2.5 1.5
Cdc27 217232 -1.4 6.5 Hnf1a 21405 -1.1 -21.5 Pdzd2 68070 -4.4 -14.1 Tmem154 320782 -2.0 4.2
Cdc37l1 67072 3.1 5.1 Hnf1b 21410 -7.5 -16.8 Pdzd2 68070 -8.9 -1.3 Tmem159 233806 -2.3 -1.8
Cdc37l1 67072 -8.2 2.5 Hnf1b 21410 -3.1 -9.6 Pdzd3 170761 1.1 -4.6 Tmem161b 72745 1.7 5.2
Cdc37l1 67072 -1.1 7.2 Hnf4aos 68314 1.1 -4.2 Pdzd7 100503041 3.1 -2.3 Tmem161b 72745 2.0 6.2
Cdc40 71713 5.2 1.7 Hnrnpa1 15382 1.2 -2.2 Pdzd8 107368 1.0 3.8 Tmem164 209497 1.7 2.9
Cdc40 71713 1.9 7.8 Hnrnpa2b1 53379 1.0 2.1 Pdzk1 59020 4.1 -1.8 Tmem165 21982 2.4 1.8
Cdc40 71713 3.2 2.2 Hnrnpa3 229279 1.2 2.5 Pdzrn3 55983 -4.4 2.8 Tmem167 66074 4.8 1.5
221
Cdc42 12540 1.4 3.5 Hnrnpab 15384 1.2 3.7 Pdzrn4 239618 -4.5 1.6 Tmem167 66074 1.4 2.3
Cdc42bpa 226751 -3.5 -1.6 Hnrnpc 15381 -1.4 8.2 Peak1 244895 -1.2 -2.3 Tmem168 101118 -2.0 10.1
Cdc42bpa 226751 -2.5 1.1 Hnrnpd 11991 -1.3 2.3 Peak1 244895 1.2 11.2 Tmem168 101118 -1.2 3.6
Cdc42bpg 240505 -2.8 -1.9 Hnrnpdl 50926 1.8 2.1 Pear1 73182 -4.4 -2.8 Tmem169 271711 2.0 -11.7
Cdc42ep3 260409 -3.6 1.1 Hnrnpdl 50926 1.8 13.9 Pebp1 23980 -3.3 -1.5 Tmem170 66817 -4.1 1.1
Cdc42ep4 56699 -2.2 -1.2 Hnrnpdl 50926 1.6 3.6 Pebp1 23980 -2.2 1.0 Tmem171 380863 3.2 -1.7
Cdc42ep5 58804 -5.9 -11.5 Hnrnpdl 50926 1.4 2.2 Pecr 111175 -2.5 -1.5 Tmem173 72512 3.0 1.1
Cdc42ep5 58804 -4.6 -4.8 Hnrnph1 59013 1.4 3.6 Peg3 18616 -38.2 -4.2 Tmem174 68344 1.3 -26.7
Cdc42ep5 58804 -9.9 -9.6 Hnrnph3 432467 -3.3 1.4 Peg3 18616 -1.9 2.1 Tmem175 72392 -1.3 7.2
Cdc42se2 72729 3.7 1.7 Hnrnph3 432467 -2.1 -1.3 Peg3 18616 -25.0 -5.9 Tmem176a 66058 -1.0 -2.3
Cdc42se2 72729 2.3 -1.1 Hnrnpll 72692 3.6 2.1 Peli1 67245 1.7 3.0 Tmem176a 66058 -1.0 -2.0
Cdc5l 71702 2.3 1.6 Hnrnpll 72692 5.1 2.2 Peli1 67245 1.1 3.4 Tmem177 66343 -1.8 -2.1
Cdc73 214498 -1.5 2.1 Hnrnpll 72692 1.1 13.3 Peli2 93834 1.6 -3.1 Tmem178 68027 3.6 -1.9
Cdca2 108912 -10.5 -1.8 Hnrnpr 74326 -1.4 3.6 Peli2 93834 1.5 7.9 Tmem179 104885 2.5 -6.4
Cdca2 108912 -1.2 -3.0 Hnrnpr 74326 -5.5 -1.0 Peli3 240518 -2.2 -13.0 Tmem18 211986 -2.3 -2.4
Cdca3 14793 1.3 -2.3 Hnrnpul1 232989 1.7 2.3 Pelo 105083 1.8 5.6 Tmem180 75146 1.7 3.6
Cdca3 14793 6.6 -2.6 Hnrnpul2 68693 -1.4 11.5 Pemt 18618 6.2 -2.9 Tmem181a 77106 2.1 1.6
Cdca4 71963 2.5 1.9 Homer1 26556 1.1 6.3 Penk 18619 -1.6 -2.2 Tmem182 381339 -4.9 -1.4
Cdca5 67849 2.5 -1.3 Homer1 26556 14.6 6.1 Per1 18626 3.2 1.4 Tmem183a 57439 -1.2 2.4
Cdca7 66953 1.3 3.8 Homer2 26557 -33.7 -8.5 Per2 18627 -2.3 1.0 Tmem183a 57439 -1.2 2.0
Cdca7l 217946 -4.2 -1.9 Homer2 26557 -9.1 -1.7 Per2 18627 -1.8 -2.8 Tmem184a 231832 -6.4 -3.3
Cdcp1 109332 -5.2 1.1 Homer2 26557 -10.1 -52.6 Per3 18628 -3.9 -1.8 Tmem184b 223693 2.0 2.8
Cdcp1 109332 -1.4 -5.0 Homez 239099 -2.6 1.3 Perm1 74183 -3.6 1.0 Tmem185b 226351 3.0 3.4
Cdcp1 109332 -15.1 -1.1 Hook1 77963 -5.9 3.2 Perp 64058 -11.0 -7.7 Tmem186 66690 1.2 5.9
Cdcp2 242603 1.0 -5.3 Hook1 77963 -10.7 -5.4 Pes1 64934 1.1 6.7 Tmem186 66690 -2.8 -1.3
Cdh1 12550 -21.8 -9.3 Hook1 77963 -8.9 1.1 Pex1 71382 -1.8 -2.9 Tmem189 407243 4.5 3.3
Cdh10 320873 1.1 -2.6 Hook1 77963 -2.9 1.2 Pex1 71382 9.5 2.0 Tmem19 67226 1.9 2.5
Cdh11 12552 -5.3 2.3 Hook2 170833 -1.4 -2.6 Pex11a 18631 1.4 -2.5 Tmem190 78052 -1.9 -4.2
Cdh11 12552 -10.2 -1.5 Hook3 320191 1.3 -2.5 Pex11g 69129 -2.8 -1.2 Tmem191c 224019 -5.4 -1.4
Cdh12 215654 1.4 -9.0 Hoxa10 15395 -20.8 -2.9 Pex11g 69129 -3.4 -1.5 Tmem191c 224019 -1.4 -3.0
Cdh15 12555 1.0 -17.4 Hoxa11 15396 -9.5 -5.1 Pex11g 69129 -1.6 -11.7 Tmem192 73067 1.4 2.8
Cdh18 320865 1.1 -8.2 Hoxa13 15398 -1.3 -3.1 Pex12 103737 1.4 4.5 Tmem194b 227094 1.6 -2.6
Cdh2 12558 1.0 -2.4 Hoxa13 15398 -10.8 -8.1 Pex13 72129 -2.2 1.1 Tmem194b 227094 2.4 -6.2
Cdh20 23836 2.4 -11.4 Hoxa2 15399 -2.4 -1.1 Pex13 72129 1.2 3.4 Tmem198 319998 1.7 -3.0
Cdh20 23836 1.0 -3.0 Hoxa3 15400 -7.6 -1.8 Pex14 56273 -2.1 2.1 Tmem198b 73827 2.8 2.7
Cdh22 104010 -1.6 -23.4 Hoxa4 15401 -2.9 1.5 Pex2 19302 1.0 2.0 Tmem198b 73827 1.5 -4.3
Cdh23 22295 1.0 -2.3 Hoxa5 15402 -2.5 -2.3 Pex3 56535 -2.4 1.3 Tmem2 83921 4.6 14.3
Cdh24 239096 2.1 1.2 Hoxa6 15403 1.2 -8.3 Pex5 19305 2.1 -2.0 Tmem200a 77220 1.1 -7.3
Cdh3 12560 -4.1 -1.9 Hoxa7 15404 -3.9 -1.8 Pex5 19305 2.3 -1.5 Tmem201 230917 -1.9 3.5
Cdh4 12561 -6.6 1.0 Hoxa9 15405 -8.4 -3.3 Pex6 224824 1.1 -2.1 Tmem205 235043 -2.6 -1.9
Cdh7 241201 1.6 -2.6 Hoxb1 15407 -4.6 -4.4 Pfas 237823 5.3 1.2 Tmem205 235043 3.4 1.1
Cdhr2 268663 1.3 -3.4 Hoxb2 103889 -7.7 -1.0 Pfas 237823 -1.5 2.6 Tmem206 66950 3.4 2.9
Cdhr3 68764 -1.0 -2.1 Hoxb2 103889 -13.9 -2.3 Pfdn4 109054 1.7 6.8 Tmem209 72649 1.6 2.9
Cdhr4 69398 2.2 -5.5 Hoxb3 15410 -2.2 1.2 Pfkfb2 18640 -4.9 1.2 Tmem209 72649 3.0 6.1
Cdhr5 72040 -1.2 -11.2 Hoxb5 15413 -1.2 3.9 Pfkfb2 18640 -2.1 1.1 Tmem209 72649 -2.5 5.9
Cdip1 66626 1.2 3.7 Hoxb7 15415 -13.4 -4.0 Pfkfb3 170768 5.5 1.6 Tmem210 78217 1.3 -4.4
Cdk1 12534 6.8 -3.0 Hoxb8 15416 -7.1 1.0 Pfkfb3 170768 3.4 2.4 Tmem210 78217 1.6 -2.8
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Cdk11b 12537 1.8 4.9 Hoxb8 15416 -3.2 -1.4 Pfkfb3 170768 5.8 2.4 Tmem213 77522 1.8 -2.4
Cdk12 69131 1.6 2.2 Hoxb9 15417 -3.3 2.3 Pfkfb4 270198 2.6 1.8 Tmem216 68642 -6.0 1.7
Cdk12 69131 1.5 5.2 Hoxc10 209448 1.4 -10.6 Pfkm 18642 -2.6 -3.1 Tmem217 71138 1.0 -11.7
Cdk12 69131 -1.1 5.8 Hoxc13 15422 1.1 -4.5 Pfkp 56421 2.2 1.5 Tmem219 68742 2.2 1.8
Cdk13 69562 -3.3 2.5 Hoxc6 15425 -10.7 -3.8 Pfkp 56421 6.1 5.0 Tmem220 338369 -2.4 -1.3
Cdk13 69562 2.6 1.9 Hoxc9 15427 1.5 -4.4 Pfn2 18645 -8.0 -4.8 Tmem221 434325 4.7 -1.6
Cdk14 18647 6.8 6.1 Hoxd10 15430 -11.3 -2.4 Pfn2 18645 -8.1 -2.1 Tmem222 52174 -1.8 10.2
Cdk14 18647 1.2 4.7 Hoxd11 15431 -6.3 -2.2 Pga5 58803 1.1 -3.4 Tmem223 66836 -2.7 -1.8
Cdk16 18555 -1.6 -2.4 Hoxd13 15433 -3.9 -1.5 Pgam1 18648 1.6 2.3 Tmem225 75667 1.0 -4.6
Cdk17 237459 1.6 5.0 Hoxd3os1 73429 -7.1 -1.3 Pgam5 72542 3.4 3.0 Tmem229a 319832 -5.3 -6.8
Cdk17 237459 7.1 9.9 Hoxd4 15436 -13.0 -12.1 Pgap1 241062 -4.2 1.4 Tmem229a 319832 -2.7 -3.6
Cdk17 237459 1.0 4.9 Hoxd8 15437 -6.4 1.2 Pgap2 233575 1.9 2.1 Tmem238 664968 -1.5 -10.2
Cdk17 237459 1.4 2.2 Hoxd9 15438 -11.8 -7.6 Pgbd5 209966 -2.0 -8.3 Tmem239 66766 2.9 -4.4
Cdk17 237459 35.8 2.4 Hoxd9 15438 -7.3 -9.4 Pgc 109820 3.1 -1.3 Tmem243 652925 3.1 1.8
Cdk18 18557 -6.1 -1.9 Hp 15439 17.6 36.1 Pggt1b 225467 -2.1 4.9 Tmem245 242474 1.1 -8.2
Cdk19os 67587 -3.0 -8.7 Hpca 15444 -1.0 -2.8 Pggt1b 225467 2.3 5.9 Tmem245 242474 2.4 9.0
Cdk19os 67587 1.0 -4.2 Hpca 15444 1.2 -7.5 Pgk1 18655 2.9 3.9 Tmem246 67063 -28.9 -12.1
Cdk20 105278 3.9 1.9 Hpcal1 53602 2.0 1.4 Pgk1 18655 2.5 3.6 Tmem247 78469 1.0 -4.8
Cdk20 105278 1.7 2.6 Hpd 15445 -5.2 -1.1 Pgk1 18655 2.5 3.9 Tmem254a 66039 -6.2 -5.4
Cdk2ap1 13445 2.1 1.2 Hpgd 15446 -5.0 -9.6 Pgk2 18663 1.1 -8.6 Tmem255a 245386 -14.6 -1.8
Cdk2ap2 52004 2.7 3.3 Hpn 15451 3.1 1.5 Pglyrp3 242100 1.0 -6.9 Tmem255a 245386 -6.3 -4.9
Cdk3-ps 69681 -1.5 4.2 Hpn 15451 1.5 -5.5 Pgm1 66681 -2.0 2.9 Tmem256 69186 2.0 1.5
Cdk5r1 12569 11.2 -2.0 Hps3 12807 3.1 2.2 Pgm2l1 70974 -1.3 -4.0 Tmem258 69038 1.8 2.0
Cdk5r2 12570 2.1 -7.2 Hps3 12807 1.5 3.4 Pgm2l1 70974 -2.2 -1.5 Tmem260 218989 -4.5 1.7
Cdk7 12572 -1.1 5.3 Hps5 246694 1.1 6.9 Pgm3 109785 -1.5 2.5 Tmem260 218989 -5.9 3.1
Cdk8 264064 2.0 3.6 Hpx 15458 -1.3 2.0 Pgm3 109785 2.9 3.9 Tmem263 103266 -8.0 1.0
Cdkl3 213084 -1.5 3.0 Hr 15460 -9.0 -13.6 Pgm5 226041 -7.6 1.3 Tmem263 103266 -8.3 1.0
Cdkl3 213084 -7.2 2.2 Hras 15461 -2.0 1.7 Pgr15l 245526 1.1 -6.1 Tmem30b 238257 -9.7 -1.8
Cdkl4 381113 -2.7 -1.0 Hrasls 27281 1.3 -3.2 Pgrmc1 53328 -4.5 -2.0 Tmem30c 71027 -1.9 -15.8
Cdkl5 382253 -11.7 -2.1 Hrasls 27281 -16.6 -1.2 Pgrmc2 70804 -8.6 -1.3 Tmem33 67878 -3.4 2.1
Cdkl5 382253 -1.6 -2.1 Hrasls5 66727 1.1 -3.0 Pgs1 74451 2.9 13.1 Tmem35 67564 -3.3 -14.1
Cdkn1a 12575 4.2 5.7 Hrc 15464 1.2 -3.0 Phactr1 218194 -8.3 -2.7 Tmem38a 74166 -1.4 -2.2
Cdkn1b 12576 2.5 2.5 Hrct1 100039781 1.8 -9.3 Phactr1 218194 1.0 -3.9 Tmem38b 52076 -2.3 9.8
Cdkn2aip 70925 -5.1 3.5 Hrg 94175 1.1 -14.8 Phactr1 218194 1.2 3.1 Tmem39a 67846 1.3 2.1
Cdkn2b 12579 -20.8 -3.2 Hrh2 15466 19.0 7.7 Phactr3 74189 1.0 -3.8 Tmem40 94346 -5.4 -4.0
Cdkn2c 12580 1.7 -4.9 Hrnr 68723 -1.2 -4.8 Phactr3 74189 -1.0 -24.9 Tmem40 94346 -14.4 -2.3
Cdkn2c 12580 2.2 -8.4 Hrsp12 15473 -6.7 -2.3 Phc1 13619 -1.1 2.4 Tmem41a 66664 -1.7 -3.7
Cdkn2d 12581 2.3 1.2 Hs3st2 195646 1.0 -5.1 Phf11a 219131 3.0 5.5 Tmem41b 233724 -1.5 2.3
Cdkn3 72391 -2.1 -1.3 Hs3st3b1 54710 5.1 3.5 Phf11d 219132 3.3 2.9 Tmem42 66079 -1.6 2.7
Cdkn3 72391 -1.3 -5.9 Hs6st2 50786 1.0 -2.7 Phf19 74016 2.3 -25.5 Tmem45a 56277 1.7 -16.6
Cdkn3 72391 1.3 -3.5 Hs6st3 50787 -1.8 -2.9 Phf2 18676 1.0 3.7 Tmem45b 235135 -29.6 -5.0
Cdnf 227526 -1.8 -4.0 Hscb 100900 -2.1 -1.4 Phf20 228829 2.7 3.2 Tmem51 214359 -1.1 2.0
Cdo1 12583 -3.7 -9.9 Hsd11b1 15483 1.3 -4.0 Phf20 228829 2.6 2.9 Tmem52 69671 1.4 -2.1
Cdon 57810 -10.9 -10.1 Hsd11b2 15484 4.8 1.4 Phf20l1 239510 -1.3 6.5 Tmem53 68777 -2.9 -2.8
Cdon 57810 -2.3 -4.0 Hsd17b12 56348 7.5 2.2 Phf21a 192285 2.5 4.2 Tmem54 66260 -6.4 -4.1
Cdrt4 66338 1.0 -3.3 Hsd17b14 66065 -18.0 -13.3 Phf21b 271305 1.1 -5.3 Tmem57 66146 -1.3 2.5
Cds1 74596 -5.3 -1.2 Hsd17b2 15486 -10.3 -1.8 Phf21b 271305 -3.0 -1.4 Tmem57 66146 -2.1 2.9
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Cdyl 12593 2.3 3.2 Hsd17b6 27400 1.1 -7.4 Phf23 78246 2.0 2.6 Tmem59 56374 -2.0 -1.2
Cdyl2 75796 4.6 -1.2 Hsd17b7 15490 1.4 2.2 Phf5a 68479 2.7 2.1 Tmem63c 217733 2.1 -3.1
Cdyl2 75796 2.5 -1.5 Hsd3b4 15495 6.8 -32.6 Phf6 70998 -1.5 6.1 Tmem64 100201 -21.3 -4.5
Ceacam1 26365 2.2 3.1 Hsd3b4 15495 1.1 -7.3 Phf6 70998 -2.0 10.2 Tmem64 100201 -21.2 -3.1
Ceacam13 69785 3.6 -1.9 Hsd3b5 15496 1.0 -7.1 Phf8 320595 1.8 2.0 Tmem65 74868 1.7 6.6
Ceacam19 319930 5.4 3.1 Hsd3b6 15497 1.0 -2.9 Phgdh 236539 3.7 -1.6 Tmem67 329795 -5.8 1.5
Ceacam2 26367 3.5 1.2 Hsdl2 72479 -3.9 -2.5 Phip 83946 2.8 3.7 Tmem68 72098 2.6 1.3
Ceacam20 71601 -1.2 -3.9 Hsf2 15500 8.7 15.3 Phip 83946 1.3 2.6 Tmem70 70397 -1.9 -3.4
Cebpb 12608 7.7 5.1 Hsf2 15500 2.2 4.6 Phka1 18679 2.2 8.3 Tmem74 239408 1.1 2.1
Cebpb 12608 4.4 3.8 Hsf2bp 74377 3.2 -4.1 Phka2 110094 -3.3 2.7 Tmem79 71913 -4.7 -5.3
Cebpz 12607 -1.2 4.1 Hsf5 327992 1.1 -3.3 Phka2 110094 2.3 1.8 Tmem8 60455 3.0 -1.6
Cecr2 330409 -5.5 1.0 Hsh2d 209488 7.2 3.9 Phkb 102093 -1.7 4.6 Tmem80 71448 -1.6 -2.3
Cel 12613 -1.3 -15.5 Hspa12a 73442 -6.7 1.7 Phlda2 22113 -7.8 -4.4 Tmem82 213989 1.1 -4.1
Cela1 109901 -3.2 -2.5 Hspa13 110920 -1.6 2.9 Phlda2 22113 -2.1 1.0 Tmem86a 67893 2.9 1.3
Cela1 109901 -9.1 -2.6 Hspa13 110920 -1.1 4.4 Phlda3 27280 -3.7 -2.6 Tmem86b 68255 2.1 1.6
Cela3b 67868 1.8 -4.4 Hspa1a 193740 1.1 2.1 Phldb1 102693 1.8 11.8 Tmem87b 72477 1.1 2.1
Celf2 14007 2.2 1.7 Hspa1a 193740 1.1 2.4 Phldb2 208177 -25.5 -1.4 Tmem88 67020 2.1 2.6
Celf2 14007 3.1 2.2 Hspa1b 15511 -2.6 1.6 Phlpp2 244650 8.8 -2.4 Tmem89 69384 1.2 -5.1
Celf2 14007 1.8 9.2 Hspa4 15525 1.3 2.0 Phospho2 73373 -5.3 -1.6 Tmem8c 66139 -1.2 -8.1
Celf2 14007 -3.6 4.5 Hspa4 15525 3.9 5.7 Phpt1 75454 -2.2 -1.5 Tmem9 66241 -4.1 -2.0
Celf4 108013 3.6 1.2 Hspa4l 18415 2.3 1.5 Phtf1 18685 -1.1 10.1 Tmem98 103743 -9.6 -3.8
Celf5 319586 1.0 -2.6 Hspa4l 18415 -3.0 5.6 Phtf1os 100125931 1.4 13.7 Tmie 20776 -11.3 -17.2
Celsr1 12614 -1.5 -14.6 Hspa4l 18415 5.7 3.9 Phtf2 68770 -1.1 7.4 Tmlhe 192289 -1.5 -6.2
Celsr2 53883 -1.5 -9.4 Hspa5 14828 2.0 2.4 Phxr1 18686 9.8 2.7 Tmod2 50876 1.5 -4.8
Celsr2 53883 -1.6 -7.4 Hspa9 15526 -1.1 -3.6 Phxr4 18689 -3.0 -2.8 Tmod2 50876 1.2 5.2
Celsr3 107934 3.7 1.9 Hspb1 15507 -9.8 -6.9 Phyhip 105653 -20.3 -2.4 Tmod3 50875 2.0 5.5
Celsr3 107934 -1.0 -7.3 Hspb11 72938 -1.1 2.3 Phyhipl 70911 1.0 -2.1 Tmod3 50875 -2.0 3.2
Cend1 57754 2.4 -10.0 Hspb2 69253 2.2 -2.0 Phykpl 72947 -1.0 2.1 Tmod4 50874 2.3 6.6
Cenpa 12615 4.0 -1.0 Hspb3 56534 1.0 -4.5 Pi4kb 107650 5.6 1.0 Tmpo 21917 1.4 -3.9
Cenpc1 12617 3.5 3.1 Hspb6 243912 -3.1 -3.0 Pias1 56469 2.9 -1.0 Tmprss13 214531 -16.4 -20.1
Cenpe 229841 2.4 1.3 Hspb7 29818 -1.8 -7.1 Pias1 56469 1.6 2.5 Tmprss15 19146 1.2 -20.0
Cenpf 108000 2.2 -5.9 Hspbap1 66667 3.7 1.1 Pibf1 52023 5.0 1.8 Tmprss2 50528 -7.6 -7.2
Cenpj 219103 -1.1 4.5 Htatip2 53415 -3.6 1.3 Pibf1 52023 -1.2 2.6 Tmprss2 50528 -16.2 -4.9
Cenpk 60411 -5.3 2.0 Htatsf1 72459 1.1 2.2 Pibf1 52023 3.9 1.7 Tmprss3 140765 1.8 -7.2
Cenpk 60411 1.8 -2.9 Htr1d 15552 1.3 -2.5 Picalm 233489 4.2 2.1 Tmprss4 214523 -1.2 3.7
Cenpl 70454 3.3 -1.7 Htr2c 15560 1.3 -6.9 Picalm 233489 3.5 2.3 Tmprss6 71753 -2.2 1.0
Cenpo 52504 -8.7 4.0 Htr4 15562 -6.1 -1.1 Pick1 18693 -2.0 -2.0 Tmsb15l 399591 -3.6 -2.8
Cenpp 66336 -10.2 -1.4 Htr4 15562 -9.6 -3.2 Pid1 98496 4.0 16.2 Tmtc1 387314 -3.0 1.5
Cenpq 83815 -1.6 -6.0 Htr5a 15563 -3.9 -4.3 Piezo1 234839 2.7 1.4 Tmtc2 278279 -6.5 -1.1
Cenpt 320394 5.4 10.7 Htr6 15565 -2.3 -3.2 Piezo2 667742 -1.0 -2.1 Tmtc2 278279 -2.5 -1.6
Cenpu 71876 2.7 6.9 Htr7 15566 16.0 1.1 Piezo2 667742 -7.2 1.7 Tmtc3 237500 -3.1 -9.9
Cenpv 73139 -4.0 -2.9 Htra2 64704 2.1 1.0 Piga 18700 -1.5 2.1 Tmtc3 237500 -1.1 5.4
Cenpw 66311 2.1 2.6 Htra3 78558 1.1 2.8 Piga 18700 2.1 3.5 Tmtc4 70551 -3.2 -3.7
Cep120 225523 1.1 4.5 Htra3 78558 3.1 1.7 Pigb 55981 -1.2 2.3 Tmx1 72736 -1.4 3.0
Cep120 225523 1.2 6.8 Htra3 78558 5.2 5.2 Pigg 433931 -3.7 1.4 Tmx2 66958 -2.2 -1.1
Cep120 225523 2.0 4.0 Htt 15194 7.3 4.2 Pigh 110417 -2.5 1.7 Tmx2 66958 -1.8 -2.2
Cep131 12009 2.4 1.5 Htt 15194 1.4 5.3 Pigl 327942 -5.5 2.7 Tmx4 52837 -1.3 2.8
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Cep135 381644 4.4 10.7 Hunk 26559 -6.1 -4.9 Pigm 67556 1.0 4.5 Tmx4 52837 4.1 2.8
Cep152 99100 2.8 7.4 Huwe1 59026 -2.7 4.2 Pign 27392 1.4 3.2 Tnc 21923 1.0 -2.3
Cep162 382090 -1.6 2.1 Hvcn1 74096 8.0 3.4 Pigp 56176 -5.2 -1.7 Tnc 21923 -6.1 1.0
Cep164 214552 -2.1 -2.5 Hyal1 15586 -7.4 -1.9 Pigq 14755 -1.3 2.1 Tnf 21926 24.2 26.7
Cep164 214552 -4.8 -1.7 Hyal2 15587 -3.4 -1.6 Pigw 70325 1.7 2.4 Tnfaip1 21927 -1.6 2.4
Cep170 545389 8.2 2.0 Hyal3 109685 -11.2 -1.0 Pigyl 66268 -2.7 -2.1 Tnfaip3 21929 4.4 5.5
Cep170 545389 1.0 10.3 Hyal4 77042 -1.3 -3.1 Pigyl 66268 -2.9 -1.9 Tnfaip6 21930 8.1 7.6
Cep170 545389 4.6 1.8 Hydin 244653 -1.4 -3.5 Pik3ap1 83490 4.7 1.6 Tnfaip8l1 66443 2.3 6.6
Cep170b 217882 -7.7 -3.2 Hykk 235386 -23.5 -7.3 Pik3ap1 83490 5.2 1.5 Tnfaip8l2 69769 7.0 1.4
Cep19 66994 -4.0 -2.6 Hyou1 12282 1.6 2.1 Pik3ap1 83490 2.7 2.2 Tnfrsf10b 21933 -2.0 -1.2
Cep192 70799 -1.9 6.2 Hyou1 12282 1.4 8.1 Pik3c2a 18704 2.0 2.6 Tnfrsf11a 21934 9.2 1.4
Cep192 70799 -1.3 7.1 I830012O16Rik 667370 10.2 5.4 Pik3c2a 18704 2.4 2.2 Tnfrsf11b 18383 -3.1 -19.8
Cep250 16328 2.2 1.7 Iah1 67732 -1.6 -7.9 Pik3cb 74769 3.3 5.2 Tnfrsf12a 27279 2.3 1.2
Cep290 216274 2.4 1.6 Iars 105148 2.8 -1.9 Pik3cd 18707 3.9 2.1 Tnfrsf13b 57916 3.3 1.3
Cep350 74081 7.4 3.3 Ica1 15893 -12.2 -3.0 Pik3cd 18707 3.9 2.1 Tnfrsf13b 57916 4.5 1.7
Cep350 74081 2.0 2.4 Ica1l 70375 -2.3 -3.5 Pik3cg 30955 3.1 1.2 Tnfrsf13c 72049 -7.1 1.2
Cep41 83922 4.2 1.6 Icam1 15894 4.6 4.4 Pik3ip1 216505 -6.7 -1.6 Tnfrsf14 230979 38.2 1.3
Cep44 382010 4.8 1.1 Icam1 15894 3.0 3.5 Pik3ip1 216505 -4.0 7.0 Tnfrsf14 230979 31.7 -1.1
Cep55 74107 4.6 1.2 Icam5 15898 3.5 -3.5 Pik3r1 18708 -2.3 -1.3 Tnfrsf19 29820 -11.3 -23.6
Cep63 28135 -3.5 1.6 Ick 56542 -2.9 -1.5 Pik3r1 18708 -3.9 -1.4 Tnfrsf19 29820 -3.7 1.2
Cep70 68121 1.0 7.9 Icosl 50723 1.4 3.3 Pik3r1 18708 -2.2 -1.4 Tnfrsf1b 21938 4.7 2.0
Cep76 225659 4.7 2.8 Icosl 50723 1.1 2.0 Pik3r3 18710 -93.7 -3.3 Tnfrsf1b 21938 3.6 1.9
Cep83 77048 12.5 5.8 Id1 15901 -4.1 -3.1 Pik3r3 18710 -8.2 1.4 Tnfrsf21 94185 -2.0 1.2
Cep83 77048 1.0 2.0 Id1 15901 -4.3 -2.8 Pik3r4 75669 -1.5 2.4 Tnfrsf25 85030 -1.2 -4.3
Cep83os 67723 -7.8 -3.6 Id2 15902 -1.7 3.1 Pik3r5 320207 17.7 4.0 Tnfrsf8 21941 -1.2 -5.3
Cep85l 100038725 2.9 2.8 Id3 15903 -2.8 -1.4 Pik3r6 104709 4.3 1.4 Tnfrsf9 21942 1.6 -9.3
Cep95 320162 2.4 2.6 Id4 15904 -7.9 1.1 Pikfyve 18711 1.7 2.1 Tnfrsf9 21942 83.1 58.8
Cep95 320162 2.2 -1.2 Id4 15904 -7.7 1.5 Pilra 231805 8.2 53.9 Tnfsf11 21943 -1.0 -7.2
Cerk 223753 2.5 1.8 Ide 15925 -2.4 -1.0 Pilra 231805 9.2 7.4 Tnfsf12 21944 3.7 1.2
Cers4 67260 -1.4 -3.2 Ide 15925 -3.6 1.2 Pilrb1 170741 4.7 1.9 Tnfsf13b 24099 1.5 -5.2
Cers4 67260 -6.0 -2.6 Idh1 15926 -4.5 -2.2 Pilrb2 545812 5.4 1.8 Tnfsf14 50930 3.7 2.7
Cers4 67260 -3.7 -10.2 Idh3a 67834 2.0 2.8 Pilrb2 545812 11.0 2.7 Tnfsf15 326623 4.4 -3.6
Cers5 71949 1.7 2.2 Idi1 319554 -1.3 4.7 Pim1 18712 6.3 4.1 Tnfsf9 21950 16.3 5.1
Cers6 241447 1.2 2.5 Idi1 319554 -2.4 5.2 Pim1 18712 6.7 4.3 Tnik 665113 -4.6 1.1
Ces1b 382044 -8.7 -8.3 Idi2 320581 1.0 -7.8 Pim2 18715 1.9 4.7 Tnip1 57783 3.7 3.5
Ces1d 104158 -2.4 -15.5 Ido1 15930 1.0 -3.2 Pim2 18715 1.8 3.7 Tnip2 231130 1.2 2.6
Ces1e 13897 1.0 -3.0 Ido2 209176 -1.0 -2.5 Pim3 223775 2.4 2.3 Tnip3 414084 2.0 1.7
Ces1g 12623 -1.5 -6.3 Ier2 15936 1.9 17.8 Pinlyp 641361 1.6 -2.8 Tnk1 83813 -25.8 -7.4
Ces2a 102022 -1.3 -14.3 Ier3 15937 5.9 4.7 Pinlyp 641361 1.4 -3.6 Tnk2 51789 -4.5 -2.9
Ces2b 234669 -3.7 -11.1 Ier5 15939 2.8 3.6 Pinx1 72400 1.6 8.7 Tnks 21951 4.5 -5.3
Ces2c 234671 -6.4 -5.0 Ier5l 72500 -1.7 6.8 Pip 18716 1.7 -10.1 Tnks1bp1 228140 -2.7 -1.3
Ces2e 234673 -7.4 1.2 Iffo2 212632 3.3 1.9 Pip4k2a 18718 2.6 1.4 Tnn 329278 2.3 1.5
Ces4a 234677 -1.0 -17.8 Ifi202b 26388 3.5 -1.0 Pip4k2a 18718 2.5 1.1 Tnnc1 21924 1.7 -3.4
Ces5a 67935 1.4 -12.2 Ifi203 15950 3.0 -1.2 Pip4k2b 108083 3.7 7.1 Tnnc2 21925 1.8 -6.0
Cetn2 26370 -2.3 -1.1 Ifi203 15950 2.9 4.5 Pip5k1a 18720 3.4 1.6 Tnni1 21952 1.0 -5.8
Cfb 14962 5.6 2.0 Ifi204 15951 2.6 1.2 Pip5k1a 18720 1.4 19.1 Tnni2 21953 -3.3 -1.8
Cfc1 12627 -1.4 -3.7 Ifi204 15951 3.0 1.5 Pip5k1a 18720 1.3 17.9 Tnni3 21954 9.8 -1.5
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Cfh 12628 -1.6 -3.0 Ifi204 15951 3.5 2.4 Pip5k1b 18719 -1.9 -3.0 Tnni3k 435766 1.0 -8.1
Cfi 12630 -2.3 -3.3 Ifi205 226695 9.2 15.9 Pip5k1c 18717 2.1 -4.6 Tnnt1 21955 4.8 7.0
Cflar 12633 9.2 17.3 Ifi27l2a 76933 2.2 1.5 Pip5k1c 18717 4.7 1.3 Tnnt2 21956 -4.2 -6.3
Cflar 12633 3.0 1.8 Ifi27l2a 76933 3.9 1.7 Pira2 18725 11.5 13.8 Tnnt3 21957 1.4 -2.3
Cflar 12633 3.6 2.2 Ifi27l2b 217845 -4.5 -2.1 Pira6 18729 4.7 2.3 Tnp1 21958 1.4 -9.0
Cflar 12633 2.6 1.4 Ifi30 65972 3.2 1.9 Pirb 18733 4.2 1.5 Tnp2 21959 2.2 -1.1
Cflar 12633 3.8 4.1 Ifi44 99899 3.3 -1.8 Pirb 18733 4.9 1.5 Tnpo1 238799 1.2 2.3
Cflar 12633 2.5 -3.2 Ifi44l 15061 2.6 -2.9 Pithd1 66193 -2.7 1.5 Tnpo2 212999 -2.1 1.3
Cfp 18636 2.2 -1.1 Ifi47 15953 4.9 1.5 Pitpna 18738 3.4 3.2 Tnpo3 320938 -1.2 2.5
Cftr 12638 1.4 -9.1 Ifih1 71586 3.8 4.0 Pitpnb 56305 -2.1 -1.1 Tnpo3 320938 4.6 10.4
Cga 12640 4.1 -4.6 Ifih1 71586 5.6 4.3 Pitpnb 56305 -2.1 -1.1 Tnr 21960 2.4 -1.2
Cggbp1 106143 5.2 11.2 Ifit1 15957 11.4 23.3 Pitpnc1 71795 3.3 2.5 Tnrc6b 213988 1.3 2.9
Cgn 70737 -12.7 -17.2 Ifit2 15958 3.2 5.0 Pitpnc1 71795 2.2 3.5 Tns1 21961 -1.1 -4.5
Cgn 70737 -1.6 -5.5 Ifit2 15958 22.4 8.8 Pitpnc1 71795 2.1 2.7 Tob1 22057 -3.0 -1.2
Cgn 70737 -12.0 -5.5 Ifit3 15959 3.4 1.8 Pitpnm1 18739 2.7 1.4 Tob2 57259 2.3 1.3
Cgnl1 68178 -2.3 -1.1 Ifitm10 320802 -1.2 -5.3 Pitpnm2 19679 -8.0 -9.4 Tob2 57259 2.2 -1.7
Cgnl1 68178 -2.5 1.7 Ifitm2 80876 2.0 1.4 Pitpnm2 19679 -3.7 -4.0 Toe1 68276 -1.1 7.9
Cgnl1 68178 2.4 1.6 Ifitm2 80876 2.4 1.2 Pitpnm2 19679 -5.4 -2.4 Tollip 54473 2.7 1.5
Cgnl1 68178 2.7 -1.4 Ifitm5 73835 1.5 -3.2 Pitx3 18742 1.0 -3.4 Tom1 21968 4.3 -1.1
Ch25h 12642 1.0 -2.8 Ifitm6 213002 3.1 1.7 Piwil1 57749 1.0 -8.4 Tom1 21968 2.3 1.3
Chac1 69065 2.4 -1.2 Ifitm7 74482 2.3 1.2 Piwil2 57746 3.8 12.6 Tom1l1 71943 -5.7 1.4
Chad 12643 -1.1 -6.9 Ifna12 242519 1.2 -34.2 Pja1 18744 -2.8 -1.0 Tom1l2 216810 -2.9 -1.4
Chadl 214685 4.8 -5.8 Ifna13 230396 1.2 -8.4 Pja1 18744 1.2 -2.2 Tomm70a 28185 1.2 2.2
Chadl 214685 1.3 -2.5 Ifna2 15965 -3.9 -31.7 Pja2 224938 -2.7 -1.4 Tomm70a 28185 2.5 5.3
Chaf1a 27221 5.5 1.1 Ifna5 15968 1.0 -9.8 Pkd1 18763 1.2 -2.2 Tonsl 72749 2.4 1.5
Champ1 101994 -2.1 -1.5 Ifna9 15972 3.1 -12.6 Pkd1l2 76645 12.2 -6.0 Top1 21969 -3.6 1.2
Chat 12647 1.1 -3.1 Ifnab 15974 1.2 -4.1 Pkd1l3 244646 1.2 5.2 Top1mt 72960 -4.3 -2.3
Chchd10 103172 -4.4 -1.8 Ifnar1 15975 5.8 3.4 Pkd2 18764 -1.4 4.5 Topbp1 235559 2.3 3.0
Chchd3 66075 2.0 3.1 Ifnar2 15976 3.5 2.1 Pkd2l1 329064 1.0 -4.1 Tor1aip1 208263 2.3 1.9
Chchd3 66075 -1.3 3.5 Ifnar2 15976 2.3 1.6 Pkd2l2 53871 -1.0 -3.8 Tor1aip1 208263 3.1 1.4
Chchd4 72170 -5.0 9.0 Ifnb1 15977 5.2 -1.6 Pkd2l2 53871 1.2 16.8 Tor1aip2 240832 -1.1 6.1
Chchd6 66098 -4.1 -1.1 Ifngr1 15979 2.4 1.3 Pkdrej 18766 -3.2 -10.8 Tor1aip2 240832 -1.5 6.1
Chd1 12648 1.0 2.4 Ifngr2 15980 3.2 2.4 Pkhd1 241035 -12.9 -10.4 Tor3a 30935 5.6 1.9
Chd1 12648 1.3 2.4 Ifngr2 15980 4.0 2.8 Pkhd1 241035 -11.5 -1.5 Tox4 268741 1.3 2.8
Chd1l 68058 -3.2 -1.9 Ifnk 387510 1.5 2.3 Pkhd1 241035 -9.9 -12.6 Tpbg 21983 -14.9 -2.8
Chd2 244059 1.3 2.3 Ifnl3 338374 -1.6 -14.5 Pkia 18767 1.0 -6.5 Tpbg 21983 -16.5 -1.3
Chd3 216848 -2.5 -1.6 Ifnz 319146 -8.3 -1.5 Pkib 18768 20.9 2.6 Tpbg 21983 -5.3 -2.3
Chd3 216848 -2.2 -1.3 Ifrd1 15982 1.9 4.0 Pkm 18746 1.3 2.0 Tpbpa 21984 -2.2 -8.1
Chd3 216848 -2.1 -1.2 Ifrd1 15982 22.9 11.7 Pkm 18746 1.5 18.7 Tpbpb 116913 1.0 -3.2
Chd5 269610 2.9 2.1 Ifrd2 15983 -2.2 -1.7 Pkn1 320795 3.9 1.4 Tpcn1 252972 2.1 3.1
Chd5 269610 1.3 -13.3 Ift172 67661 -2.4 -1.4 Pkn2 109333 -2.2 1.1 Tpcn2 233979 1.4 -8.2
Chd5 269610 1.7 -5.4 Ift172 67661 -2.8 -1.0 Pkn2 109333 -2.7 1.1 Tpcn2 233979 3.2 2.9
Chd6 71389 -1.3 8.4 Ift52 245866 -1.8 -4.2 Pkn3 263803 9.9 -2.7 Tpd52 21985 2.2 2.3
Chd6 71389 -4.1 8.8 Ift52 245866 -1.8 2.4 Pknox1 18771 2.7 8.2 Tpgs1 110012 3.2 -1.4
Chd7 320790 4.7 4.7 Ift57 73916 2.1 3.1 Pknox2 208076 1.7 -6.1 Tph1 21990 -1.4 -5.8
Chd7 320790 3.4 4.0 Ift57 73916 1.2 3.6 Pknox2 208076 -2.5 -1.3 Tpi1 21991 7.6 1.1
Chd7 320790 5.3 5.9 Ift80 68259 1.4 -3.0 Pkp1 18772 -9.5 -8.7 Tpk1 29807 -4.0 -4.4
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Chd8 67772 3.3 -1.1 Ift81 12589 -2.2 -1.4 Pkp2 67451 1.3 -2.5 Tpk1 29807 -9.0 1.4
Chd9 109151 -1.3 3.7 Igdcc3 19289 -1.7 -3.1 Pkp3 56460 -2.8 -1.1 Tpm1 22003 -2.5 -2.1
Chd9 109151 2.7 1.6 Igdcc3 19289 1.1 -2.8 Pkp4 227937 -4.1 -2.5 Tpm1 22003 -3.1 -1.9
Chd9 109151 -2.0 2.5 Igdcc3 19289 -1.6 -6.0 Pkp4 227937 -4.2 1.4 Tpm2 22004 -4.7 -2.6
Chdh 218865 8.8 1.8 Igdcc4 56741 -7.0 -1.4 Pla1a 85031 15.5 29.8 Tpm2 22004 -4.8 -4.5
Chfr 231600 2.2 3.5 Igf1os 627270 -1.4 -5.4 Pla2g15 192654 4.4 -1.3 Tpmt 22017 -7.6 -5.2
Chfr 231600 2.8 2.1 Igf1r 16001 -2.3 3.5 Pla2g16 225845 -2.5 -1.5 Tpp2 22019 3.4 1.4
Chga 12652 1.0 -2.6 Igf1r 16001 -3.9 -1.1 Pla2g16 225845 -2.5 -1.6 Tpp2 22019 2.5 2.6
Chic1 12212 -20.4 -6.9 Igf2 16002 -10.3 -3.0 Pla2g2a 18780 1.2 3.1 Tpp2 22019 15.1 12.8
Chic1 12212 -3.1 2.3 Igf2bp1 140486 1.1 3.1 Pla2g2f 26971 1.7 -6.9 Tppp3 67971 5.4 1.7
Chil1 12654 15.5 18.1 Igf2bp3 140488 -5.1 2.9 Pla2g3 237625 1.4 -11.7 Tprg 71338 1.2 -7.5
Chil3 12655 8.9 59.1 Igf2r 16004 -2.2 1.1 Pla2g4a 18783 1.1 2.5 Tprg 71338 -7.4 -3.7
Chil4 104183 25.7 28.0 Igfals 16005 1.6 -2.9 Pla2g4b 211429 2.2 1.0 Tprkb 69786 -1.4 5.4
Chil5 229687 1.7 5.6 Igfbp2 16008 -10.7 -14.4 Pla2g4c 232889 1.7 5.9 Tprn 97031 -2.3 -2.2
Chil6 229688 1.1 -5.3 Igfbp3 16009 -3.9 -7.4 Pla2g4f 271844 -1.0 -2.3 Tpsb2 17229 2.4 -4.0
Chit1 71884 5.3 1.4 Igfbp3 16009 -1.1 -4.3 Pla2r1 18779 -23.1 -2.1 Tpst1 22021 1.2 3.2
Chka 12660 1.9 9.8 Igfbp5 16011 -15.1 -11.2 Plac8 231507 3.4 34.6 Tra2a 101214 -1.9 4.2
Chm 12662 -1.4 2.7 Igfbp5 16011 -9.5 -9.1 Plac8l1 69401 2.1 -5.4 Tra2b 20462 -1.2 4.6
Chm 12662 1.3 4.7 Igfbp6 16012 -2.1 -1.8 Plagl1 22634 -2.9 1.7 Tra2b 20462 1.4 2.2
Chm 12662 3.6 1.5 Igfbp7 29817 -3.6 -3.5 Plagl1 22634 -5.0 -1.4 Traf4 22032 -5.2 -2.7
Chml 12663 1.1 2.2 Ighg3 380795 1.0 -5.0 Plagl2 54711 1.6 2.1 Traf5 22033 4.3 2.0
Chmp1b 67064 -2.5 1.9 Ighv14-2 668421 -3.6 -3.0 Plat 18791 1.4 6.9 Trafd1 231712 4.3 1.4
Chmp4c 66371 -1.8 -3.8 Igh-VJ558 16061 2.3 -3.5 Plaur 18793 3.9 3.3 Trak1 67095 3.2 3.6
Chmp4c 66371 -14.0 -10.4 Igh-VJ558 16061 2.1 -16.6 Plaur 18793 8.5 6.3 Trak1 67095 2.5 2.1
Chn2 69993 -3.1 3.2 Igh-VJ558 16061 -17.4 -1.1 Plb1 665270 1.2 -4.2 Trak1 67095 2.2 1.3
Chodl 246048 1.2 -7.7 Igj 16069 -69.6 -1.0 Plb1 665270 1.4 -28.4 Trak2 70827 2.5 5.5
Chordc1 66917 1.4 4.7 Igj 16069 -31.5 -1.1 Plb1 665270 -2.8 -1.4 Tram1 72265 2.0 2.1
Chpt1 212862 1.1 8.5 Igll1 16136 -1.3 -7.0 Plb1 665270 -1.3 -9.3 Tram2 170829 2.8 2.4
Chpt1 212862 4.5 1.5 Iglv1 16142 -3.7 -58.8 Plbd1 66857 2.3 3.0 Trappc10 216131 1.3 8.3
Chrac1 93696 1.1 6.5 Iglv1 16142 -5.1 1.8 Plbd2 71772 5.2 -1.3 Trappc2 66226 -1.4 3.8
Chrd 12667 -1.9 -13.7 Iglv1 16142 -5.4 1.8 Plcb1 18795 5.5 6.6 Trappc6b 78232 -1.3 3.6
Chrdl1 83453 -2.0 -1.5 Igsf10 242050 3.0 -3.9 Plcb1 18795 5.2 6.1 Trappc8 75964 1.2 2.1
Chrdl1 83453 -3.5 1.1 Igsf11 207683 -2.8 1.4 Plcb1 18795 5.7 8.3 Trappc8 75964 1.5 5.5
Chrdl2 69121 1.0 -2.5 Igsf23 70080 -1.3 -5.3 Plcb2 18796 6.0 2.1 Trappc9 76510 -1.0 2.6
Chrm4 12672 1.1 -2.4 Igsf3 78908 -15.3 -3.2 Plcb2 18796 9.2 2.6 Trappc9 76510 1.4 -2.6
Chrm4 12672 1.6 -8.3 Igsf3 78908 -12.0 -5.6 Plcb2 18796 3.3 14.4 Trat1 77647 1.0 -25.4
Chrm5 213788 -1.0 -4.9 Igsf5 72058 -23.4 -8.6 Plcb4 18798 -6.9 -4.7 Trav9d-3 100038850 1.0 -2.9
Chrna1 11435 1.2 -25.0 Igsf5 72058 -5.4 -1.1 Plcb4 18798 -6.7 -1.2 Trav9n-2 667660 1.2 -6.6
Chrna4 11438 2.0 -4.5 Igsf6 80719 4.9 1.9 Plcd1 18799 -4.8 -5.2 Trdmt1 13434 21.6 7.7
Chrna6 11440 2.1 -8.6 Igsf8 140559 2.6 -1.0 Plcd3 72469 -3.8 -8.2 Trem1 58217 25.3 9.5
Chrna7 11441 1.3 -3.8 Igsf9 93842 -5.6 -1.3 Plcd4 18802 -2.2 3.4 Trem1 58217 36.9 10.2
Chrnb1 11443 1.9 2.9 Igsf9 93842 -6.1 1.5 Plcd4 18802 4.6 5.1 Trem2 83433 3.1 1.3
Chrnd 11447 1.9 -5.1 Igsf9b 235086 2.0 -3.7 Plce1 74055 -9.0 -3.4 Trem2 83433 5.6 1.5
Chrne 11448 2.5 -4.4 Igtp 16145 3.3 1.8 Plce1 74055 -3.2 1.1 Trem3 58218 17.3 29.5
Chrng 11449 3.3 2.8 Ihh 16147 1.3 -23.1 Plcg1 18803 1.0 -3.3 Treml1 71326 1.2 -7.3
Chrng 11449 -1.7 -3.3 Ikbip 67454 -1.4 5.7 Plcg1 18803 -2.2 1.9 Treml4 224840 2.1 26.2
Chst10 98388 -5.0 -5.3 Ikbkap 230233 1.2 3.7 Plcg2 234779 2.0 2.6 Trex1 22040 4.8 1.4
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Chst11 58250 7.9 4.0 Ikbkb 16150 2.1 2.8 Plch2 269615 -8.2 -6.2 Trex2 24102 1.4 -18.4
Chst11 58250 10.3 12.0 Ikbke 56489 5.1 7.0 Plch2 269615 -8.6 -3.3 Trf 22041 -1.7 -2.3
Chst11 58250 3.3 -1.1 Ikbkg 16151 -1.2 3.0 Plcl1 227120 8.2 -1.4 Trgv2 21636 5.3 1.6
Chst13 71797 2.7 -33.3 Ikbkg 16151 -8.2 1.1 Plcl1 227120 1.7 -6.6 Trhr2 170732 1.1 -4.0
Chst14 72136 1.2 2.1 Ikzf1 22778 4.1 2.3 Plcl2 224860 5.0 1.4 Trib1 211770 12.8 3.7
Chst2 54371 3.4 -5.4 Ikzf2 22779 -2.7 -1.4 Plcxd2 433022 -1.4 -3.0 Trib2 217410 -4.9 1.5
Chst3 53374 -7.2 -1.9 Ikzf2 22779 -3.7 1.4 Pld3 18807 2.1 -1.7 Trib3 228775 1.1 -2.4
Chst4 26887 1.0 -2.8 Ikzf2 22779 -9.2 1.3 Pld4 104759 2.6 -1.0 Tril 66873 -5.1 -1.2
Chst5 56773 1.1 -4.3 Ikzf2 22779 -4.0 -1.2 Pldi 73616 1.4 -2.5 Trim12c 319236 3.4 5.3
Chst8 68947 -1.2 -10.2 Ikzf3 22780 -3.3 1.1 Plek 56193 5.8 8.1 Trim13 66597 -24.4 -1.1
Chsy1 269941 2.6 2.4 Ikzf3 22780 -3.2 -7.1 Plek 56193 6.7 3.4 Trim13 66597 -3.2 -1.5
Chuk 12675 6.7 7.4 Ikzf3 22780 -2.1 -5.4 Plek2 27260 -4.9 -8.6 Trim16 94092 -5.2 1.5
Chuk 12675 1.3 12.0 Ikzf4 22781 -2.4 -1.1 Plekha1 101476 7.2 1.6 Trim17 56631 1.4 -3.0
Ciapin1 109006 -2.1 2.5 Ikzf4 22781 -1.1 -8.2 Plekha2 83436 2.6 1.4 Trim21 20821 1.5 3.7
Cib2 56506 -1.5 -2.5 Ikzf5 67143 2.8 2.1 Plekha2 83436 1.4 4.4 Trim23 81003 1.2 7.7
Cic 71722 -1.6 3.2 Il10ra 16154 6.4 2.8 Plekha3 83435 2.0 -1.9 Trim23 81003 1.0 -3.2
Cic 71722 2.8 -4.3 Il12rb2 16162 -4.0 1.4 Plekha3 83435 6.3 1.5 Trim23 81003 -5.9 -7.7
Cidea 12683 -3.4 -13.4 Il13 16163 1.2 -15.2 Plekha4 69217 -1.1 -4.4 Trim25 217069 1.5 2.9
Cideb 12684 3.5 2.5 Il13ra1 16164 3.2 2.3 Plekha5 109135 -6.1 -1.6 Trim26 22670 2.5 1.1
Cidec 14311 -3.7 -2.6 Il13ra1 16164 2.7 1.2 Plekha5 109135 -5.6 -2.0 Trim27 19720 1.3 2.1
Ciita 12265 5.2 1.4 Il13ra2 16165 1.2 -3.2 Plekha6 240753 -10.8 1.0 Trim29 72169 -14.3 -13.6
Cilp2 68709 1.4 -3.0 Il15 16168 5.2 -3.2 Plekha6 240753 -19.6 -1.3 Trim30a 20128 3.4 5.1
Cinp 67236 -8.2 1.0 Il15ra 16169 4.6 2.1 Plekha6 240753 -4.1 -7.5 Trim30a 20128 9.1 3.6
Cipc 217732 1.6 8.1 Il15ra 16169 1.3 -5.3 Plekha7 233765 -4.3 -2.6 Trim30b 244183 5.6 6.8
Cipc 217732 -1.4 5.6 Il16 16170 1.4 -2.3 Plekhb1 27276 -12.6 -2.0 Trim30d 209387 4.7 4.7
Cirbp 12696 -3.2 -1.7 Il17d 239114 -11.0 -6.9 Plekhd1 217682 -47.1 1.1 Trim30d 209387 3.7 8.9
Cirh1a 21771 1.0 2.5 Il17f 257630 1.4 -6.8 Plekhd1os 68354 -1.6 -8.2 Trim32 69807 -4.5 2.1
Cisd1 52637 -3.1 -2.2 Il17rc 171095 -5.4 -5.1 Plekhf1 72287 -4.5 -1.3 Trim34a 94094 2.4 2.1
Cisd2 67006 1.0 3.0 Il17rc 171095 -2.9 -3.3 Plekhf2 71801 1.3 5.8 Trim35 66854 2.6 2.0
Cisd2 67006 1.2 2.2 Il17rd 171463 2.1 -1.1 Plekhg1 213783 1.3 2.7 Trim35 66854 9.3 1.8
Cish 12700 1.8 9.9 Il17re 57890 -10.8 -13.7 Plekhg2 101497 2.6 2.9 Trim36 28105 32.4 5.8
Cit 12704 3.8 -4.2 Il17re 57890 -12.4 -1.4 Plekhg4 102075 9.6 2.4 Trim37 68729 2.1 -3.3
Cited1 12705 1.1 -24.3 Il18bp 16068 6.3 1.8 Plekhg6 213522 -5.6 -1.5 Trim37 68729 -2.5 -1.0
Cited2 17684 2.3 -1.6 Il18bp 16068 17.3 1.3 Plekhh1 211945 -5.2 -1.5 Trim39 79263 -1.1 4.2
Cited2 17684 4.2 -1.3 Il18r1 16182 -1.1 -8.8 Plekhh1 211945 -38.8 -1.7 Trim39 79263 -1.5 3.9
Cited4 56222 -3.7 -7.0 Il18rap 16174 10.0 5.4 Plekhh1 211945 -21.9 -7.6 Trim39 79263 3.0 2.0
CK137956 635169 1.8 -10.6 Il1a 16175 38.3 46.4 Plekhh2 213556 1.1 2.2 Trim41 211007 -2.5 -1.4
Ckap5 75786 1.9 7.3 Il1a 16175 93.0 89.6 Plekhh2 213556 1.0 -6.1 Trim44 80985 -2.1 1.0
Cklf 75458 2.8 2.0 Il1b 16176 23.1 55.6 Plekhh3 217198 -2.0 -2.2 Trim45 229644 2.2 -3.4
Cklf 75458 3.0 1.4 Il1bos 329514 3.5 3.0 Plekhm2 69582 3.7 1.4 Trim45 229644 -1.0 -7.2
Ckm 12715 2.7 -2.5 Il1f9 215257 9.7 3.9 Plekhm3 241075 3.3 3.8 Trim46 360213 2.0 -5.5
Ckmt1 12716 -8.5 -5.5 Il1f9 215257 109.8 32.2 Plekhn1 231002 -5.1 -2.9 Trim52 212085 -1.1 -6.2
Cks2 66197 1.8 2.7 Il1r2 16178 141.9 12.4 Plekhn1 231002 -3.1 -1.6 Trim55 381485 1.0 -2.6
Cks2 66197 1.7 4.9 Il1r2 16178 30.5 99.1 Plekho1 67220 2.8 1.4 Trim56 384309 -2.4 -1.3
Clasp1 76707 -1.2 4.4 Il1rap 16180 12.6 4.0 Plekho2 102595 8.8 1.8 Trim59 66949 4.4 3.5
Clasp1 76707 2.4 1.6 Il1rl1 17082 -1.0 -17.1 Plekho2 102595 5.3 1.5 Trim6 94088 1.1 -2.3
Clca3 23844 1.1 -5.7 Il1rn 16181 44.5 201.2 Plekhs1 226245 -16.5 -8.0 Trim6 94088 -3.2 -1.7
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Clca4 229927 1.3 -2.2 Il1rn 16181 82.7 241.7 Plet1os 69631 13.7 1.4 Trim6 94088 -5.1 1.8
Clca5 229933 -2.4 1.5 Il2 16183 1.0 -14.3 Plg 18815 1.0 -13.4 Trim6 94088 1.9 -4.0
Clcn1 12723 1.3 -2.9 Il20rb 213208 -4.6 1.9 Plg 18815 1.0 -11.5 Trim60 234329 7.3 4.7
Clcn2 12724 -1.2 2.3 Il21r 60504 5.4 1.6 Plin1 103968 1.4 -4.0 Trim62 67525 -21.3 1.9
Clcn2 12724 1.1 -2.9 Il22ra1 230828 -1.7 -20.9 Plin3 66905 -2.3 -1.5 Trim63 433766 1.0 -8.0
Clcn3 12725 -2.5 1.8 Il23a 83430 62.7 2.5 Plin4 57435 -7.8 -7.0 Trim65 338364 1.7 -3.6
Clcn6 26372 3.6 1.3 Il24 93672 1.3 -17.9 Plin5 66968 -1.9 -5.3 Trim67 330863 1.0 -15.7
Clcn6 26372 1.3 -2.4 Il25 140806 2.2 2.4 Plk1 18817 -1.2 -4.2 Trim68 101700 -5.5 -2.4
Clcnkb 56365 1.3 -6.4 Il27 246779 1.5 -3.0 Plk2 20620 8.6 2.9 Trim69 70928 -1.1 -3.3
Cldn1 12737 -6.5 -1.3 Il2ra 16184 1.0 -3.7 Plk3 12795 4.4 10.7 Trim8 93679 3.5 -1.1
Cldn1 12737 -3.8 1.5 Il2ra 16184 1.1 4.3 Plk4 20873 1.4 6.5 Trio 223435 -1.3 7.1
Cldn10 58187 -13.7 -2.2 Il2rg 16186 4.4 6.9 Plk5 216166 -5.0 -24.2 Trip11 109181 2.8 4.8
Cldn12 64945 -2.9 1.0 Il34 76527 -11.6 -7.8 Pllp 67801 -29.9 -11.0 Trip11 109181 4.9 16.0
Cldn13 57255 -1.0 -41.4 Il4i1 14204 4.0 1.7 Pllp 67801 -27.7 -6.7 Trip11 109181 2.1 2.8
Cldn14 56173 -1.2 -13.6 Il4ra 16190 7.3 2.9 Pllp 67801 -15.1 -14.4 Trip11 109181 1.1 2.2
Cldn17 239931 1.3 -3.9 Il6 16193 7.1 11.9 Pln 18821 -4.6 -1.3 Trip11 109181 1.1 3.7
Cldn19 242653 1.3 -8.0 Il6ra 16194 2.9 -1.2 Plod1 18822 2.4 -1.4 Trip12 14897 1.2 3.4
Cldn2 12738 1.0 -109.9 Il6ra 16194 3.0 -1.3 Plod3 26433 2.8 2.0 Trip12 14897 -2.0 7.6
Cldn23 71908 -12.2 -2.2 Il7 16196 -2.1 1.2 Plod3 26433 2.5 2.8 Trip12 14897 -4.0 1.7
Cldn26 74720 1.0 -2.3 Il7r 16197 8.6 16.6 Plp1 18823 -3.0 -1.1 Trip4 56404 6.3 4.6
Cldn3 12739 1.0 -6.7 Il7r 16197 33.9 8.1 Pls1 102502 -11.8 -2.5 Trip4 56404 2.5 1.2
Cldn4 12740 -9.9 -6.5 Il9r 16199 1.4 -14.7 Pls3 102866 -4.0 -2.9 Trip4 56404 1.2 3.5
Cldn5 12741 -6.2 -6.7 Ildr1 106347 -30.8 -2.2 Plscr1 22038 2.4 -1.5 Trip6 22051 -1.7 -2.2
Cldn7 53624 -7.4 -3.5 Ildr2 100039795 -8.1 -1.6 Plscr1 22038 4.7 2.5 Trmt10a 108943 -2.7 1.8
Cldn8 54420 -31.6 -10.4 Ildr2 100039795 -7.7 -14.3 Plscr1 22038 2.2 -10.0 Trmt10a 108943 -11.2 -7.2
Cldn9 56863 2.2 -8.3 Ilkap 67444 2.6 2.1 Plscr2 18828 -9.8 1.2 Trmt10c 52575 -6.5 1.6
Cldnd2 74276 3.0 -1.8 Ilvbl 216136 -2.8 1.2 Plscr2 18828 -10.2 1.3 Trmt11 73681 -1.1 2.2
Clec11a 20256 -2.0 -3.3 Immp1l 66541 -2.6 1.2 Plxdc1 72324 -1.1 2.7 Trmt11 73681 6.2 2.8
Clec12a 232413 2.5 2.1 Immt 76614 -1.8 3.4 Plxna1 18844 2.5 -1.8 Trmt12 68260 1.9 5.4
Clec14a 66864 -5.8 -1.3 Imp3 102462 -2.4 -1.1 Plxna2 18845 -9.2 -2.1 Trmt12 68260 2.9 1.9
Clec18a 353287 1.2 2.7 Impa1 55980 -1.9 2.5 Plxna2 18845 -8.5 -4.4 Trmt2b 215201 2.1 2.0
Clec2d 93694 3.6 1.5 Impa2 114663 1.5 2.3 Plxna3 18846 -1.9 -5.0 Trmt44 78890 1.2 3.5
Clec2g 70809 4.3 -2.2 Impad1 242291 -3.2 -1.8 Plxna4 243743 -38.5 -4.1 Trmt6 66926 3.0 2.1
Clec2i 93675 3.4 -1.1 Impad1 242291 2.8 3.5 Plxnb1 235611 -14.2 -2.6 Trmt6 66926 -3.2 2.8
Clec3b 21922 1.2 -10.5 Impg2 224224 -1.6 -3.5 Plxnb1 235611 -22.4 -11.3 Trmt61a 328162 -1.5 -2.2
Clec4a1 269799 2.9 1.1 Ina 226180 4.7 3.6 Plxnb3 140571 1.0 -5.0 Trmt61b 68789 1.7 6.6
Clec4a2 26888 5.1 2.0 Inadl 12695 -3.1 -1.0 Plxnc1 54712 4.8 2.3 Trmu 72026 -3.3 1.1
Clec4a2 26888 2.5 1.1 Inadl 12695 -29.1 -2.1 Plxnd1 67784 2.4 -1.1 Trnp1 69539 -9.8 -1.4
Clec4a2 26888 4.6 2.8 Inadl 12695 -7.3 -4.0 Pm20d1 212933 -33.4 -1.7 Trnt1 70047 -1.4 10.6
Clec4a3 73149 2.8 1.5 Ing2 69260 1.0 3.3 Pmaip1 58801 3.9 15.5 Tro 56191 -1.6 -3.8
Clec4b1 69810 -1.1 -2.5 Ing3 71777 1.4 3.3 Pmel 20431 -2.2 -2.2 Tro 56191 1.3 -4.7
Clec4d 17474 27.5 17.1 Ing4 28019 -1.9 4.3 Pmepa1 65112 -2.8 -1.9 Tro 56191 -1.8 -3.5
Clec4e 56619 291.5 238.4 Ing5 66262 -1.5 5.4 Pmepa1 65112 -1.8 4.2 Troap 78733 -1.8 -5.9
Clec4f 51811 1.3 -8.1 Inhba 16323 2.7 87.8 Pmm1 29858 -4.7 -3.8 Trove2 20822 -6.4 1.4
Clec4g 75863 1.6 -11.2 Inhbb 16324 -8.5 -18.6 Pmm1 29858 -5.9 -4.1 Trp53bp2 209456 1.2 4.2
Clec4n 56620 47.1 3.9 Inhbb 16324 -1.2 -2.3 Pmpca 66865 -1.1 4.4 Trp53bp2 209456 -1.1 2.6
Clec5a 23845 14.1 6.7 Inhbe 16326 1.6 -11.4 Pmpcb 73078 -2.3 1.2 Trp53inp1 60599 -1.7 -2.6
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Clec5a 23845 16.5 13.5 Inip 66209 1.1 5.2 Pms2 18861 2.3 3.1 Trp53inp2 68728 2.2 2.1
Clec5a 23845 30.3 15.0 Inmt 21743 -5.9 -1.7 Pms2 18861 -3.1 -1.0 Trp53tg5 73603 2.4 -3.5
Clec7a 56644 8.9 3.4 Ino80 68142 2.6 -1.1 Pnisr 66625 -1.1 2.4 Trp63 22061 -11.3 -1.9
Clhc1 69885 4.6 1.3 Ino80 68142 1.4 2.3 Pnkd 56695 -2.3 -1.2 Trp63 22061 -22.4 -9.0
Clic4 29876 2.7 2.8 Ino80 68142 16.2 4.3 Pnkd 56695 -5.4 -4.7 Trp63 22061 -19.2 -1.1
Clic4 29876 2.7 2.5 Ino80d 227195 7.1 -1.0 Pnkd 56695 -2.7 -1.2 Trp63 22061 -43.3 2.1
Clic5 224796 -8.4 -1.0 Inpp1 16329 1.6 2.6 Pnkp 59047 3.1 2.6 Trpc1 22063 1.1 -4.0
Clic5 224796 -13.8 -1.0 Inpp4a 269180 4.4 1.3 Pnkp 59047 1.9 2.1 Trpc4 22066 -1.8 -10.9
Clic5 224796 -1.9 -6.9 Inpp5b 16330 3.0 7.9 Pnliprp1 18946 1.0 -2.3 Trpc4ap 56407 2.8 -1.3
Clip1 56430 -3.0 2.4 Inpp5d 16331 3.5 1.7 Pnliprp2 18947 1.0 -3.3 Trpc4ap 56407 1.6 2.2
Clip2 269713 4.9 2.9 Inpp5f 101490 1.9 2.5 Pnmal1 71691 1.9 -8.0 Trpc4ap 56407 2.3 1.0
Clip4 78785 1.1 -5.7 Ins1 16333 -1.3 -4.9 Pno1 66249 -1.0 2.9 Trpc6 22068 -1.2 -3.6
Clip4 78785 -2.7 -1.3 Ins2 16334 -1.4 -3.0 Pnoc 18155 -9.1 1.1 Trpm1 17364 1.1 -3.8
Clk4 12750 2.6 3.7 Insig1 231070 2.8 2.4 Pnp 18950 2.5 1.5 Trpm2 28240 5.7 10.6
Clk4 12750 2.2 1.4 Insig2 72999 -2.3 2.3 Pnp 18950 2.6 1.7 Trpm4 68667 -1.0 2.0
Clk4 12750 -1.0 2.5 Insl5 23919 -1.1 -6.7 Pnpla8 67452 -2.2 -1.1 Trpm4 68667 -2.2 -1.2
Clmn 94040 -7.7 -15.3 Insm2 56856 -1.2 -7.0 Pnpt1 71701 2.3 2.4 Trpm7 58800 -1.7 5.1
Clmn 94040 -12.9 1.4 Insr 16337 -1.5 3.8 Pnpt1 71701 1.7 3.7 Trps1 83925 3.2 4.1
Clmp 71566 2.2 -1.0 Ints1 68510 2.4 -1.0 Poc1a 70235 -4.1 -1.3 Trps1 83925 5.2 4.1
Cln3 12752 2.7 1.1 Ints10 70885 -5.0 2.2 Podnl1 244550 4.8 -2.4 Trps1 83925 12.6 18.2
Cln3 12752 -1.6 -2.2 Ints2 70422 1.6 2.2 Podxl 27205 -2.0 -5.0 Trpt1 107328 -1.4 -2.7
Cln5 211286 3.6 4.7 Ints3 229543 -2.9 -12.1 Pofut2 80294 1.3 3.6 Trpv2 22368 4.6 1.8
Clnk 27278 -2.3 -8.6 Ints4 101861 -1.1 3.5 Pofut2 80294 2.1 1.3 Trpv4 63873 -2.6 -3.5
Clnkos 75536 1.3 -6.2 Ints5 109077 -3.2 1.3 Pogk 71592 -12.8 5.4 Trpv6 64177 -2.3 -5.9
Clock 12753 -1.1 3.1 Ints6 18130 1.4 5.4 Pogk 71592 -1.0 2.1 Trub1 72133 -1.3 3.5
Clock 12753 -1.9 4.2 Ints6 18130 1.5 -3.7 Poglut1 224143 -1.1 2.1 Trub1 72133 -5.4 -1.4
Clock 12753 -6.6 6.6 Ints6 18130 1.3 3.8 Pogz 229584 -1.0 2.0 Trub2 227682 -9.4 -1.2
Clpb 20480 -3.9 -2.4 Ints7 77065 3.7 5.4 Pola2 18969 4.6 -5.8 Try5 103964 1.1 -4.6
Clpb 20480 -3.5 1.0 Ints8 72656 -1.7 12.5 Polb 18970 -2.5 3.5 Tsacc 76927 -2.1 -3.0
Clpb 20480 -4.4 2.2 Intu 380614 -1.0 -2.0 Pold3 67967 1.5 3.9 Tsacc 76927 -2.7 -1.4
Clpp 53895 -2.3 1.1 Intu 380614 -9.3 1.0 Pold3 67967 1.3 3.4 Tsc1 64930 1.5 4.4
Clpx 270166 -1.1 3.5 Intu 380614 -2.0 -3.4 Pold3 67967 1.1 2.2 Tsc1 64930 2.0 3.0
Clrn1 229320 1.5 -2.7 Ip6k2 76500 1.2 4.5 Pold4 69745 2.5 1.8 Tsc22d1 21807 -3.0 -2.2
Clstn1 65945 -4.6 -2.3 Ip6k2 76500 -4.0 5.6 Poldip2 67811 1.1 -3.7 Tsc22d2 72033 -1.0 3.9
Clstn1 65945 -6.5 -2.6 Ipcef1 320495 1.9 3.8 Pole 18973 2.9 1.5 Tsen34 66078 -1.3 -2.1
Clstn2 64085 1.4 -4.1 Ipo11 76582 1.9 4.0 Pole2 18974 13.3 1.4 Tsen54 76265 1.2 2.1
Clstn3 232370 1.0 -4.6 Ipo11 76582 -1.3 3.8 Pole4 66979 1.4 2.7 Tsg101 22088 1.0 5.0
Clvs1 74438 -2.5 3.8 Ipo4 75751 1.3 -2.7 Pole4 66979 1.7 2.6 Tsg101 22088 -1.3 2.7
Clybl 69634 -2.4 1.2 Ipo5 70572 -1.1 4.5 Polh 80905 1.2 3.0 Tsga10 211484 -1.2 9.2
Cma1 17228 -2.2 2.9 Ipo7 233726 1.7 4.1 Polh 80905 6.6 8.0 Tsga10ip 78306 -1.1 -4.2
Cma2 545055 4.0 1.1 Ipo7 233726 1.1 2.7 Poll 56626 -1.7 -3.6 Tshz1 110796 -2.3 1.1
Cmah 12763 -1.6 -13.8 Ipo8 320727 1.0 2.0 Poln 272158 -1.1 -7.0 Tshz2 228911 -4.6 -3.4
Cmas 12764 2.0 -1.3 Ipo8 320727 -1.6 6.1 Polr1a 20019 -1.3 2.3 Tshz2 228911 -7.3 -1.2
Cmbl 69574 -9.1 -13.5 Ipp 16351 -3.6 -1.0 Polr1a 20019 1.5 13.0 Tshz2 228911 -5.6 1.1
Cmc1 67899 -2.9 3.5 Ippk 75678 1.9 2.9 Polr2m 28015 -2.2 -1.3 Tshz2 228911 -4.3 -2.5
Cmklr1 14747 3.1 -1.5 Ippk 75678 1.1 2.9 Polr3c 74414 1.0 2.0 Tsks 22116 -1.6 -7.9
Cml2 93673 -1.1 -5.6 Iqcb1 320299 -1.4 4.6 Polr3f 70408 1.4 -4.7 Tsku 244152 -6.3 -14.3
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Cmpk1 66588 2.1 2.1 Iqcc 230767 -2.6 -1.3 Polr3g 67486 -12.2 2.0 Tsku 244152 -8.5 -8.3
Cmpk2 22169 28.5 25.8 Iqcd 75732 -2.0 -11.7 Polr3g 67486 -2.3 -1.6 Tslp 53603 -5.6 -21.5
Cmpk2 22169 2.9 5.2 Iqce 74239 -1.1 -2.9 Polr3g 67486 -3.2 -2.0 Tsn 22099 1.4 2.1
Cmss1 66497 6.7 3.6 Iqce 74239 2.3 6.0 Polr3h 78929 -7.3 -2.2 Tsnax 53424 1.5 3.9
Cmss1 66497 -2.5 -1.4 Iqcf1 74267 -1.2 -2.2 Polr3k 67005 -1.2 6.0 Tsnaxip1 72236 1.5 -3.0
Cmss1 66497 1.4 3.4 Iqcf4 67320 -5.7 -3.5 Pom121 107939 1.4 2.5 Tspan1 66805 -13.6 1.0
Cmtm2a 73381 3.1 3.5 Iqcg 69707 2.5 -1.3 Pom121l12 432536 1.2 -3.3 Tspan1 66805 -1.5 -4.8
Cmtm2a 73381 1.4 2.2 Iqgap1 29875 1.8 2.5 Pom121l2 195236 1.1 -7.7 Tspan10 208634 1.0 -3.6
Cmtm3 68119 2.2 -1.0 Iqgap1 29875 2.5 1.6 Pomgnt1 68273 -1.0 3.7 Tspan11 68498 1.1 -2.0
Cmtm4 97487 -10.8 -4.2 Iqgap2 544963 11.2 4.1 Pomgnt2 215494 -2.6 -4.8 Tspan11 68498 1.0 -9.3
Cmtm4 97487 -7.0 1.1 Irak1 16179 1.3 2.1 Pomt2 217734 -1.4 -5.8 Tspan12 269831 -19.6 -4.8
Cmtm4 97487 -10.1 -3.3 Irak1 16179 1.6 2.1 Pon2 330260 -2.9 1.1 Tspan13 66109 -2.2 1.1
Cmtm5 67272 1.8 -3.4 Irak3 73914 73.0 3.1 Pon3 269823 -5.5 -2.5 Tspan17 74257 -1.6 -2.7
Cmtm7 102545 2.0 1.7 Irak3 73914 26.3 4.7 Pon3 269823 -5.2 -1.9 Tspan18 241556 -16.0 -3.0
Cmtm7 102545 2.3 1.1 Irak3 73914 2.4 2.4 Pop1 67724 1.8 -6.2 Tspan18 241556 -2.1 -13.0
Cmtm8 70031 1.4 -6.8 Irak4 266632 1.9 3.2 Pop1 67724 2.3 2.6 Tspan3 56434 -1.7 -2.2
Cmtr1 74157 -1.2 -2.7 Ireb2 64602 -1.1 3.9 Pop4 66161 -2.8 2.8 Tspan32 27027 2.0 1.2
Cmtr2 234728 1.3 -3.9 Irf1 16362 2.3 1.1 Pop4 66161 -1.4 2.1 Tspan33 232670 4.9 3.4
Cmtr2 234728 1.2 3.0 Irf1 16362 2.5 1.1 Popdc3 78977 1.2 -6.0 Tspan33 232670 8.2 7.6
Cmya5 76469 3.3 -1.6 Irf2bp1 272359 -2.1 -1.3 Porcn 53627 -3.2 -2.7 Tspan6 56496 -18.5 -3.1
Cmya5 76469 4.5 -4.7 Irf2bp2 270110 3.2 1.5 Pot1b 72836 5.3 1.4 Tspan6 56496 -6.3 1.1
Cnbd2 70873 1.7 4.0 Irf2bpl 238330 1.0 4.3 Pot1b 72836 2.7 11.0 Tspan7 21912 -8.8 -6.8
Cndp2 66054 2.2 1.2 Irf3 54131 2.1 1.5 Pou2af1 18985 -6.4 -1.7 Tspan8 216350 -5.7 -3.7
Cnfn 72383 -1.5 -13.0 Irf5 27056 3.8 2.1 Pou2f1 18986 -2.4 1.2 Tspan9 109246 -3.8 1.0
Cnga1 12788 1.0 -5.1 Irf6 54139 -21.7 -3.1 Pou2f3 18988 1.6 -5.5 Tspan9 109246 -6.8 -3.7
Cnga2 12789 1.4 -3.5 Irf7 54123 12.6 8.0 Pou3f2 18992 2.4 -9.0 Tspear 252974 -15.0 -3.8
Cnga3 12790 1.0 -5.2 Irf8 15900 8.4 1.2 Pou3f3 18993 -1.4 -6.5 Tspo2 70026 1.2 -4.7
Cngb1 333329 -2.6 -18.4 Irf8 15900 2.8 1.4 Pou3f3 18993 2.5 -1.9 Tspyl4 72480 -6.9 1.0
Cngb3 30952 1.0 -3.2 Irf9 16391 4.7 2.0 Pou3f4 18994 1.1 -2.9 Tspyl5 239364 1.4 -2.2
Cnih2 12794 3.9 -5.3 Irf9 16391 3.7 1.8 Pou4f1 18996 1.1 -6.6 Tsr2 69499 -2.9 -2.4
Cnih4 98417 -2.1 -1.0 Irg1 16365 53.1 14.5 Pou5f1 18999 1.3 -4.2 Tssc1 380752 -1.1 2.2
Cnksr3 215748 -7.1 1.6 Irg1 16365 53.8 942.6 Pou6f1 19009 -2.6 -6.0 Tssk1 22114 1.3 -5.7
Cnksr3 215748 -2.0 1.6 Irgm1 15944 2.9 -1.8 Pou6f2 218030 1.1 -3.1 Tssk1 22114 -1.0 -4.2
Cnksr3 215748 -1.0 -2.8 Irgm1 15944 1.7 3.5 Ppan 235036 1.1 2.3 Tssk6 83984 1.7 -4.8
Cnn1 12797 -4.2 -6.3 Irgm2 54396 2.4 -1.2 Ppap2a 19012 -3.1 -2.4 Tst 22117 -5.5 -5.3
Cnn2 12798 1.9 2.2 Irs1 16367 -9.5 -3.4 Ppap2a 19012 -3.3 -1.5 Tstd3 77032 2.7 -2.0
Cnn3 71994 -3.3 -2.8 Irs1 16367 -35.5 -7.0 Ppap2b 67916 -6.5 -4.0 Ttbk1 106763 1.0 -4.6
Cnnm1 83674 2.4 4.6 Irs4 16370 1.0 -12.4 Ppapdc1a 381925 -27.5 -2.8 Ttbk1 106763 -1.1 -9.1
Cnnm4 94220 1.6 -2.6 Irx2 16372 -8.2 1.1 Ppapdc1b 71910 1.0 5.1 Ttc1 66827 2.7 1.4
Cnot1 234594 -2.7 2.5 Irx2 16372 2.3 1.4 Ppapdc2 74411 -3.6 -2.1 Ttc12 235330 -7.9 -1.1
Cnot10 78893 1.9 7.5 Irx3os 319388 -6.2 -2.6 Ppapdc2 74411 -2.1 1.2 Ttc12 235330 -9.5 -1.6
Cnot11 52846 -1.1 2.4 Irx4 50916 1.0 -6.0 Ppapdc3 227721 -1.6 -2.2 Ttc16 338348 1.8 -9.8
Cnot4 53621 1.5 2.9 Irx6 64379 1.3 -7.8 Ppara 19013 -7.0 -2.0 Ttc17 74569 -1.7 4.3
Cnot4 53621 1.9 4.2 Isca1 69046 -2.1 -1.4 Pparg 19016 -6.0 -4.3 Ttc17 74569 -1.1 2.5
Cnot4 53621 1.4 2.4 Isg15 100038882 8.6 7.2 Ppargc1a 19017 -69.2 -18.4 Ttc19 72795 -2.3 2.2
Cnot7 18983 -1.4 3.0 Isg20 57444 2.5 3.6 Ppargc1a 19017 -2.9 -5.4 Ttc19 72795 3.7 2.9
Cnppd1 69171 2.9 1.8 Isg20 57444 2.4 4.1 Ppargc1b 170826 2.6 4.2 Ttc19 72795 5.5 3.6
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Cnpy2 56530 -2.2 -1.6 Isg20l2 229504 1.3 2.3 Ppargc1b 170826 1.0 5.0 Ttc22 230576 -3.4 -1.0
Cnr1 12801 1.7 -3.0 Isg20l2 229504 1.5 -3.1 Ppat 231327 -2.1 1.0 Ttc23 67009 -2.4 -1.9
Cnr2 12802 29.5 21.2 Isoc1 66307 -2.2 -1.2 Ppbp 57349 3.0 29.2 Ttc23 67009 -3.6 -1.3
Cnr2 12802 2.7 9.1 Isoc2b 67441 -1.3 -7.3 Ppcs 106564 -8.7 -1.3 Ttc24 214191 1.0 -5.3
Cnrip1 380686 -1.6 -2.8 Ist1 71955 1.2 2.7 Ppdpf 66496 -2.1 -1.2 Ttc26 264134 2.5 2.4
Cntd1 68107 1.6 16.9 Isy1 57905 2.1 2.0 Ppfia1 233977 1.8 8.6 Ttc28 209683 -11.7 -1.7
Cntfr 12804 1.8 -11.7 Itch 16396 1.8 4.1 Ppfia2 327814 1.7 -2.6 Ttc28 209683 -3.7 1.0
Cntln 338349 1.1 -2.2 Itch 16396 4.8 1.2 Ppfia4 68507 4.0 1.7 Ttc29 73301 -2.0 -4.7
Cntln 338349 1.2 9.5 Itch 16396 2.8 1.4 Ppfibp1 67533 -4.7 -1.0 Ttc29 73301 2.2 -4.9
Cntn1 12805 1.1 -2.1 Itfg1 71927 -1.4 3.0 Ppfibp1 67533 -3.2 -1.4 Ttc3 22129 -4.6 -2.2
Cntn1 12805 -3.1 -1.4 Itga1 109700 2.6 2.3 Ppfibp2 19024 -3.5 -1.9 Ttc30b 72421 1.2 3.7
Cntn2 21367 1.6 -4.2 Itga11 319480 -4.3 -2.1 Ppfibp2 19024 -4.6 -2.1 Ttc32 75516 1.1 2.2
Cntn4 269784 1.1 -11.1 Itga2 16398 -11.7 -3.2 Pphln1 223828 2.2 2.8 Ttc33 67515 1.1 3.0
Cntn4 269784 1.1 -3.5 Itga3 16400 -3.6 -13.7 Pphln1 223828 1.3 2.8 Ttc36 192653 1.1 -4.8
Cntn4 269784 -3.5 -1.6 Itga3 16400 -2.1 -2.5 Ppid 67738 1.1 3.2 Ttc38 239570 -5.9 -2.1
Cntn5 244682 -1.1 -4.1 Itga4 16401 7.5 3.8 Ppid 67738 1.0 -2.6 Ttc39a 230603 -2.7 -2.2
Cntnap1 53321 -9.5 -3.4 Itga4 16401 2.7 2.7 Ppie 56031 -2.7 1.7 Ttc39b 69863 1.7 6.4
Cntnap1 53321 1.0 -13.0 Itga4 16401 3.3 6.7 Ppie 56031 1.2 2.3 Ttc39b 69863 12.1 4.9
Cntnap2 66797 -6.4 1.2 Itga4 16401 35.9 28.4 Ppig 228005 2.0 1.9 Ttc39b 69863 11.1 3.3
Cntnap2 66797 -1.4 -7.5 Itga4 16401 3.0 4.9 Ppih 66101 1.5 -2.4 Ttc39c 72747 3.2 3.9
Cntnap5a 636808 -4.4 -25.9 Itga5 16402 6.2 4.2 Ppil1 68816 -1.0 3.9 Ttc39c 72747 1.8 17.6
Cntnap5c 620292 1.1 -10.6 Itga6 16403 -2.6 -1.4 Ppil2 66053 1.1 -2.1 Ttc39c 72747 4.2 5.8
Cntrl 26920 2.1 14.2 Itga6 16403 -6.1 6.0 Ppil4 67418 2.2 1.9 Ttc5 219022 1.7 3.1
Cntrl 26920 1.4 5.0 Itga7 16404 -1.2 -3.9 Ppil6 73075 -4.3 -3.0 Ttc7 225049 3.1 3.1
Cntrl 26920 1.9 -20.8 Itga7 16404 -5.6 -1.7 Ppip5k1 327655 1.7 6.2 Ttc9 69480 -3.8 -28.3
Coa3 52469 -2.1 -1.4 Itga8 241226 1.0 -5.1 Ppip5k1 327655 7.4 2.1 Ttc9c 70387 1.3 3.7
Coa5 76178 2.1 -1.5 Itga9 104099 7.8 -1.1 Ppl 19041 -10.2 -4.2 Ttc9c 70387 1.0 5.9
Coa7 69893 1.7 6.0 Itgae 16407 -4.5 -1.3 Ppm1a 19042 1.1 5.1 Ttf1 22130 -1.2 6.3
Coa7 69893 1.4 3.7 Itgal 16408 2.9 17.5 Ppm1a 19042 -2.2 -5.7 Tti2 234138 1.0 2.4
Cobl 12808 -3.6 1.0 Itgam 16409 7.4 1.9 Ppm1a 19042 15.8 3.1 Tti2 234138 -8.6 -2.2
Cobll1 319876 -14.6 -3.5 Itgam 16409 4.8 1.9 Ppm1b 19043 -2.2 7.3 Ttll10 330010 -17.4 -3.0
Cobll1 319876 -3.6 -1.8 Itgav 16410 12.8 3.5 Ppm1d 53892 3.6 1.0 Ttll11 74410 -1.2 -2.4
Cog2 76332 2.0 7.3 Itgav 16410 3.2 13.2 Ppm1d 53892 2.0 1.5 Ttll13 269954 1.2 -2.2
Cog2 76332 1.2 6.5 Itgav 16410 1.9 15.1 Ppm1d 53892 -3.3 2.4 Ttll13 269954 17.0 -4.1
Cog3 338337 1.3 5.2 Itgav 16410 2.1 5.6 Ppm1e 320472 -8.9 -1.4 Ttll3 101100 2.0 12.2
Cog4 102339 1.4 -3.3 Itgax 16411 4.2 14.9 Ppm1f 68606 -1.2 -2.6 Ttll4 67534 2.7 4.4
Cog5 238123 -1.1 11.9 Itgax 16411 14.6 4.9 Ppm1h 319468 -1.3 9.0 Ttll4 67534 3.2 -1.4
Cog6 67542 2.2 -4.0 Itgb1bp1 16413 -4.9 2.0 Ppm1h 319468 -2.1 1.9 Ttll4 67534 -1.0 6.5
Col11a1 12814 2.2 -2.1 Itgb1bp2 26549 1.0 -31.1 Ppm1j 71887 1.3 -10.5 Ttll5 320244 -7.8 -1.6
Col11a2 12815 4.8 1.3 Itgb2 16414 3.4 1.7 Ppm1k 243382 -3.6 2.0 Ttll5 320244 2.3 1.6
Col13a1 12817 -2.2 -2.5 Itgb2l 16415 -8.6 -5.9 Ppm1l 242083 -8.4 -2.8 Ttll6 237930 1.3 -2.4
Col15a1 12819 2.6 1.7 Itgb3 16416 1.1 -4.5 Ppm1l 242083 -6.0 -11.9 Ttll8 239591 -1.0 -7.8
Col16a1 107581 3.0 -3.6 Itgb3bp 67733 1.0 4.0 Ppm1m 67905 3.4 -1.0 Ttn 22138 1.7 -18.5
Col18a1 12822 -6.9 -5.5 Itgb4 192897 -4.6 -4.0 Ppme1 72590 -1.2 2.3 Ttn 22138 1.0 -7.4
Col18a1 12822 -5.3 -3.0 Itgb4 192897 -5.0 -4.3 Ppnr 26930 1.4 4.2 Ttn 22138 -2.3 -1.1
Col20a1 73368 1.8 -2.9 Itgb5 16419 2.1 4.1 Ppp1cb 19046 -2.7 -1.2 Ttpal 76080 1.4 -3.4
Col22a1 69700 1.2 -2.4 Itgb6 16420 -6.7 -4.7 Ppp1r10 52040 2.1 1.3 Ttpal 76080 1.4 2.1
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Col24a1 71355 1.0 -3.6 Itgb6 16420 -11.6 2.2 Ppp1r10 52040 4.9 2.6 Ttyh1 57776 -1.6 -5.4
Col25a1 77018 1.1 -7.1 Itgb6 16420 -9.8 -2.5 Ppp1r12a 17931 1.7 2.7 Ttyh1 57776 -7.8 -1.9
Col25a1 77018 -2.5 -1.9 Itgb7 16421 2.0 2.2 Ppp1r12b 329251 1.4 2.6 Ttyh2 117160 5.0 1.8
Col26a1 140709 1.2 -6.8 Itgb8 320910 -1.3 -9.3 Ppp1r12b 329251 -2.0 2.1 Tub 22141 2.1 -4.8
Col27a1 373864 1.2 -4.7 Itgbl1 223272 -1.2 -3.2 Ppp1r12b 329251 1.3 -3.5 Tuba3a 22144 2.2 1.1
Col27a1 373864 1.3 -3.1 Itih3 16426 1.5 -9.4 Ppp1r12c 232807 2.0 1.4 Tuba3a 22144 -1.7 -4.4
Col4a3 12828 -1.2 -10.3 Itk 16428 2.1 -1.4 Ppp1r12c 232807 3.0 -1.0 Tuba8 53857 -4.1 -14.3
Col4a4 12829 -1.1 -6.9 Itm2b 16432 -2.2 -2.2 Ppp1r13b 21981 -1.5 -2.2 Tuba-rs1 100416145 3.2 2.4
Col4a5 12830 -12.3 1.5 Itpa 16434 -1.1 2.0 Ppp1r13l 333654 -4.2 -1.3 Tubb2a 22151 2.0 1.2
Col4a6 94216 -15.1 -1.2 Itpkc 233011 -1.1 -2.5 Ppp1r13l 333654 -2.1 -2.9 Tubb2b 73710 -1.6 -3.6
Col4a6 94216 -6.7 -13.6 Itpr1 16438 -2.5 -1.2 Ppp1r14c 76142 -2.6 -1.9 Tubb3 22152 -1.6 -3.9
Col4a6 94216 -17.5 -11.5 Itpr2 16439 1.6 2.7 Ppp1r14d 72112 -2.2 -7.9 Tubb4b 227613 -3.2 -1.8
Col5a3 53867 -1.3 -6.0 Itpr2 16439 1.5 2.1 Ppp1r15a 17872 5.2 2.8 Tubb6 67951 4.3 1.4
Col6a2 12834 -2.0 1.0 Itpr2 16439 1.0 3.3 Ppp1r15b 108954 1.3 2.4 Tubd1 56427 -7.9 1.3
Col6a4 68553 2.1 -32.2 Itpr3 16440 -2.3 -1.2 Ppp1r15b 108954 1.3 2.5 Tube1 71924 1.0 2.6
Col6a4 68553 3.2 -2.4 Itpripl2 319622 1.1 5.4 Ppp1r16a 73062 -1.4 2.9 Tubg2 103768 -4.5 -16.9
Col7a1 12836 -1.6 -6.8 Itsn1 16443 2.5 -6.1 Ppp1r17 19051 -4.2 -3.8 Tubgcp3 259279 1.1 2.5
Col8a2 329941 -4.0 -2.8 Itsn1 16443 -1.3 -6.3 Ppp1r17 19051 1.0 -36.8 Tubgcp5 233276 6.6 2.6
Col9a1 12839 1.5 -5.6 Itsn2 20403 4.5 1.3 Ppp1r18 76448 3.4 -2.5 Tubgcp5 233276 -1.8 4.1
Col9a2 12840 1.5 -16.2 Itsn2 20403 1.3 10.7 Ppp1r18os 100503359 18.1 1.8 Tubgcp6 328580 2.5 -6.7
Col9a3 12841 1.2 -3.5 Itsn2 20403 2.4 3.4 Ppp1r1a 58200 1.2 -8.0 Tuft1 22156 -3.7 -1.5
Colgalt2 269132 5.8 1.1 Ivd 56357 -2.4 -1.4 Ppp1r1a 58200 2.7 5.6 Tulp1 22157 3.0 -17.3
Colq 382864 5.3 -1.0 Ivl 16447 -11.7 -9.0 Ppp1r1b 19049 1.5 -3.9 Tulp2 56734 4.8 3.2
Commd1 17846 2.0 1.4 Ivns1abp 117198 2.2 1.5 Ppp1r1c 75276 1.3 -3.5 Tulp3 22158 -13.2 2.5
Commd2 52245 -6.0 8.6 Ivns1abp 117198 1.5 2.4 Ppp1r32 67752 10.6 -25.9 Tulp4 68842 -2.0 -1.3
Commd2 52245 -1.1 2.4 Iws1 73473 2.0 6.5 Ppp1r36 210762 -18.6 -11.0 Tulp4 68842 -2.2 -1.4
Commd4 66199 2.4 1.6 Iws1 73473 1.5 2.1 Ppp1r37 232947 1.1 -3.7 Tunar 69952 1.7 -9.7
Commd7 99311 -3.8 7.5 Izumo2 75510 -1.8 -3.2 Ppp1r37 232947 -2.4 -5.2 Tusc2 80385 -2.8 -1.1
Commd8 27784 3.7 1.9 Izumo4 71564 3.4 -7.1 Ppp1r3a 140491 1.4 2.5 Tusc3 80286 -5.6 -2.5
Commd9 76501 1.1 -2.4 Izumo4 71564 -1.3 -3.1 Ppp1r3a 140491 1.0 -2.4 Tusc3 80286 -4.2 1.6
Comtd1 69156 1.7 2.4 Jade1 269424 -2.9 -1.3 Ppp1r3b 244416 2.0 15.3 Tvp23b 67510 -2.3 3.6
Copb1 70349 -1.6 3.0 Jade2 76901 -3.1 -2.4 Ppp1r3d 228966 13.6 7.6 Twf1 19230 -2.5 -1.4
Copb1 70349 -1.3 4.5 Jade2 76901 1.1 -2.2 Ppp1r3e 105651 -1.1 4.2 Twf2 23999 3.9 1.6
Copg1 54161 4.1 3.6 Jade3 382207 -6.0 -2.0 Ppp1r3f 54646 -2.0 1.5 Twf2 23999 4.6 1.3
Copg1 54161 -1.2 2.7 Jag1 16449 -2.6 1.3 Ppp1r3fos 78185 7.3 6.1 Twsg1 65960 -2.7 -1.3
Copg2 54160 -1.4 3.3 Jag1 16449 -4.8 1.1 Ppp1r42 69312 -1.7 -2.6 Twsg1 65960 -4.5 -1.2
Copg2 54160 -1.4 4.2 Jag2 16450 -12.9 -4.2 Ppp1r7 66385 -2.2 1.7 Twsg1 65960 1.1 -3.6
Copg2 54160 -1.3 2.3 Jagn1 67767 -3.2 -1.2 Ppp1r9a 243725 -7.4 1.1 Txlng 353170 2.8 2.9
Coprs 66423 -1.2 3.5 Jak2 16452 4.9 1.2 Ppp1r9b 217124 2.3 1.0 Txndc11 106200 1.9 2.4
Coprs 66423 2.4 -11.0 Jak2 16452 23.7 10.0 Ppp2ca 19052 1.8 2.8 Txndc11 106200 -2.8 -2.1
Cops7a 26894 -2.1 -1.3 Jakmip1 76071 -3.3 -9.4 Ppp2cb 19053 -1.1 3.7 Txndc2 213272 1.2 -5.9
Copz2 56358 -4.8 -3.0 Jakmip3 74004 1.1 -7.3 Ppp2cb 19053 -1.5 4.6 Txnip 56338 -2.0 -2.5
Coq10a 210582 -1.1 2.6 Jakmip3 74004 1.9 3.7 Ppp2r1b 73699 -1.7 2.5 Txnip 56338 -2.1 -2.3
Coq10b 67876 12.4 5.8 Jam2 67374 -4.1 -3.5 Ppp2r1b 73699 -3.0 -1.1 Txnl4b 234723 2.4 1.5
Coq10b 67876 6.6 14.2 Jam2 67374 -9.7 -1.2 Ppp2r2a 71978 -2.1 1.6 Txnrd1 50493 2.5 3.0
Coq10b 67876 1.1 8.6 Jam3 83964 -1.0 -11.1 Ppp2r2b 72930 -8.0 -1.7 Txnrd2 26462 1.5 -3.5
Coq4 227683 -5.0 -2.4 Jarid2 16468 5.9 18.2 Ppp2r3a 235542 -5.0 -1.2 Txnrd3 232223 -1.0 -7.1
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Coq7 12850 -3.4 1.5 Jarid2 16468 5.7 29.4 Ppp2r3c 59032 2.0 5.9 Tyms 22171 1.1 -3.4
Corin 53419 1.2 -4.5 Jarid2 16468 3.0 3.5 Ppp2r5a 226849 1.2 2.1 Tyro3 22174 -2.4 -4.0
Coro1a 12721 2.9 2.7 Jazf1 231986 1.4 6.9 Ppp2r5b 225849 1.1 -2.3 Tyro3 22174 -10.5 -2.2
Coro1a 12721 3.3 2.6 Jazf1 231986 -1.1 5.3 Ppp2r5c 26931 -1.4 9.2 Tyrobp 22177 2.3 1.2
Coro1b 23789 2.1 1.5 Jdp2 81703 2.9 -1.3 Ppp2r5e 26932 1.6 12.8 Tyw5 68736 2.9 6.4
Coro2a 107684 2.3 3.4 Jkamp 104771 -1.0 4.1 Ppp3cc 19057 -1.1 2.4 U2af1 108121 1.0 2.0
Coro6 216961 -2.2 -4.8 Jmjd6 107817 5.1 1.8 Ppp3cc 19057 -4.3 1.3 U2af2 22185 1.3 -2.3
Coro7 78885 2.4 -1.7 Jmjd6 107817 -1.3 2.6 Ppp3cc 19057 7.0 7.7 Uaca 72565 -15.7 -14.9
Cotl1 72042 2.2 1.5 Jmjd6 107817 1.8 4.4 Ppp3r1 19058 1.1 2.6 Uba5 66663 1.1 5.6
Cox16 66272 -2.9 -1.6 Jmjd7 433466 6.1 1.5 Ppp3r1 19058 2.0 5.2 Uba6 231380 -1.2 2.0
Cox18 231430 1.4 2.7 Jmy 57748 -11.7 1.1 Ppp4c 56420 2.1 1.5 Uba6 231380 1.2 2.5
Cox19 68033 1.9 2.4 Josd1 74158 -2.3 1.2 Ppp4c 56420 3.0 1.6 Uba6 231380 -2.0 2.4
Cox19 68033 1.2 3.3 Jph1 57339 1.0 -26.2 Ppp4r1 70351 2.2 2.6 Ubac1 98766 1.2 3.9
Cox4i2 84682 1.6 -6.9 Jph4 319984 1.5 -2.2 Ppp4r1l-ps 100043911 1.2 -3.0 Ubac2 68889 2.0 1.5
Cox6a2 12862 3.8 -1.3 Jrk 16469 -2.2 1.5 Ppp4r2 232314 -1.3 2.6 Ubac2 68889 3.2 1.2
Cox7a1 12865 2.8 -1.7 Jtb 23922 1.6 2.9 Ppp5c 19060 2.8 3.6 Ubap1 67123 -1.7 2.9
Cox7b2 78174 1.1 -3.4 Junb 16477 1.5 -2.5 Ppp6c 67857 -1.1 2.1 Ubap2l 74383 -2.2 9.4
Cp 12870 -1.8 -5.3 Junb 16477 2.4 1.4 Ppp6r2 71474 -2.5 -4.8 Ubash3a 328795 -4.0 -1.2
Cp 12870 8.0 -1.4 Jup 16480 -3.4 -4.1 Ppp6r2 71474 1.2 6.4 Ubash3b 72828 4.9 2.8
Cpa2 232680 1.1 -7.6 Kalrn 545156 -1.6 -15.0 Ppp6r3 52036 -1.1 10.6 Ube2a 22209 1.3 3.2
Cpb1 76703 1.0 -2.2 Kalrn 545156 1.2 -2.1 Ppp6r3 52036 -1.5 3.2 Ube2b 22210 5.7 3.3
Cpb2 56373 1.2 -12.6 Kansl1 76719 2.0 1.6 Ppp6r3 52036 2.1 2.4 Ube2c 68612 4.9 1.4
Cpd 12874 -1.7 3.2 Kat2a 14534 2.2 2.5 Ppt1 19063 7.6 8.1 Ube2cbp 70348 -2.8 -5.6
Cpe 12876 -13.5 -9.5 Kat2b 18519 1.4 2.4 Pptc7 320717 -2.2 1.1 Ube2d3 66105 -2.0 3.2
Cpe 12876 -2.9 -3.2 Kat6b 54169 -3.5 1.1 Ppy 19064 1.2 -5.3 Ube2d3 66105 1.3 2.7
Cpeb1 12877 4.3 -2.0 Katna1 23924 4.0 5.5 Pqlc1 66943 1.1 -3.1 Ube2dnl2 75097 2.8 -3.0
Cpeb2 231207 -1.5 7.1 Katnal1 231912 -2.2 1.5 Pqlc3 217430 3.6 7.1 Ube2e2 218793 -9.6 -2.6
Cpeb2 231207 2.4 3.0 Katnal2 71206 1.0 -2.1 Pradc1 73327 -1.3 3.8 Ube2e2 218793 -6.4 -1.3
Cpeb2 231207 1.0 16.4 Katnbl1 72425 2.0 1.6 Pram1 378460 45.2 9.8 Ube2e3 22193 -1.2 2.1
Cpeb4 67579 2.4 2.6 Kazn 71529 2.0 -4.4 Pram1 378460 13.9 9.8 Ube2f 67921 1.2 5.5
Cpeb4 67579 -1.0 2.8 Kazn 71529 -2.3 -1.2 Pramef12os 78723 1.0 -3.4 Ube2f 67921 1.6 3.7
Cpeb4 67579 1.6 5.1 Kbtbd11 74901 -12.7 -10.1 Pramef8 242736 -1.2 6.1 Ube2g1 67128 -3.0 -1.7
Cphx1 105594 1.1 -3.3 Kbtbd11 74901 -3.3 -2.6 Pramel1 83491 -1.3 -2.6 Ube2g1 67128 -2.2 2.0
Cplx1 12889 2.7 -2.8 Kbtbd12 74589 -6.0 1.0 Pramel5 384077 -1.6 -3.4 Ube2g2 22213 4.2 2.5
Cplx2 12890 -10.9 -5.9 Kbtbd7 211255 4.3 8.1 Prap1 22264 -8.6 -21.0 Ube2h 22214 -4.1 -1.2
Cplx2 12890 -1.4 -5.7 Kbtbd7 211255 1.7 2.9 Prc1 233406 1.7 -3.1 Ube2h 22214 -4.3 2.1
Cplx3 235415 -1.0 -2.6 Kcmf1 74287 1.0 5.8 Prcp 72461 1.4 -3.2 Ube2h 22214 -2.4 -1.5
Cplx4 225644 3.4 -12.4 Kcna1 16485 1.0 -7.4 Prdm1 12142 18.1 1.7 Ube2i 22196 1.2 -4.9
Cpm 70574 -1.7 -4.0 Kcna3 16491 8.4 5.7 Prdm10 382066 3.5 1.1 Ube2j1 56228 2.7 2.1
Cpne1 266692 1.4 3.5 Kcna6 16494 1.8 -37.8 Prdm10 382066 2.8 -1.6 Ube2j1 56228 2.2 1.6
Cpne2 234577 5.3 1.7 Kcnab1 16497 -5.3 1.0 Prdm11 100042784 2.6 -7.3 Ube2j2 140499 -2.9 -6.0
Cpne4 74020 1.2 -24.3 Kcnab1 16497 -6.0 1.2 Prdm15 114604 1.5 3.3 Ube2j2 140499 2.4 1.9
Cpne4 74020 1.0 -9.5 Kcnab2 16498 3.2 1.0 Prdm15 114604 2.7 1.2 Ube2j2 140499 2.2 2.4
Cpne5 240058 -1.7 -7.9 Kcnb1 16500 1.5 -9.4 Prdm16 70673 -2.7 -1.6 Ube2k 53323 1.8 5.5
Cpne6 12891 -3.1 -10.2 Kcnc1 16502 1.5 -2.7 Prdm2 110593 2.7 1.6 Ube2l6 56791 1.2 4.6
Cpne8 66871 -3.7 -1.5 Kcnc1 16502 -14.9 1.9 Prdm2 110593 1.4 3.7 Ube2m 22192 3.3 1.2
Cpne9 211232 -1.2 -3.9 Kcnc3 16504 -1.0 -3.2 Prdm4 72843 2.1 2.7 Ube2n 93765 2.6 1.4
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Cpox 12892 -2.5 -1.0 Kcnc3 16504 1.1 2.9 Prdm6 225518 -1.4 -6.1 Ube2n 93765 1.1 2.3
Cpped1 223978 1.3 2.3 Kcnd1 16506 3.1 5.6 Prdm8 77630 -2.0 1.1 Ube2o 217342 1.3 2.5
Cpq 54381 -2.5 -3.1 Kcnd2 16508 -6.1 -4.5 Prdx6 11758 -2.1 1.5 Ube2q1 70093 -1.0 2.9
Cpsf2 51786 3.0 7.4 Kcnd2 16508 1.7 -34.9 Prdx6 11758 4.3 3.1 Ube2q2 109161 -4.0 2.5
Cpsf3 54451 1.1 2.0 Kcne1 16509 -3.2 -2.1 Prdx6 11758 4.0 -6.5 Ube2r2 67615 -2.1 -1.1
Cpsf3 54451 2.1 1.6 Kcne3 57442 -11.3 1.1 Prdx6b 320769 -1.0 2.1 Ube2r2 67615 -3.5 -2.5
Cpsf4l 52670 3.8 1.6 Kcng2 240444 1.8 -2.1 Prdx6b 320769 -4.8 1.0 Ube2r2 67615 -2.1 2.5
Cpsf6 432508 -2.2 4.1 Kcng4 66733 2.2 -1.7 Preb 50907 6.4 -1.9 Ube2r2 67615 -2.5 -1.2
Cpsf6 432508 -2.0 3.7 Kcnh3 16512 1.2 -33.8 Prelp 116847 -6.5 -8.2 Ube2t 67196 1.2 -10.9
Cpt1a 12894 -2.2 -1.2 Kcnh3 16512 2.1 -7.3 Prelp 116847 -3.6 -2.6 Ube2v2 70620 1.2 5.1
Cpt1b 12895 -1.3 3.4 Kcnh6 192775 1.3 -8.6 Prepl 213760 -1.1 3.1 Ube2w 66799 -3.7 3.7
Cpt1c 78070 -1.9 -3.5 Kcnip1 70357 1.3 -10.0 Prepl 213760 -9.9 6.5 Ube3a 22215 -2.2 1.7
Cpt2 12896 -3.0 1.2 Kcnip2 80906 1.1 -15.5 Prex1 277360 2.6 1.5 Ube3a 22215 -1.2 3.5
Cpxm2 55987 -2.1 -6.5 Kcnip3 56461 5.4 3.7 Prex2 109294 1.0 -4.0 Ube4a 140630 2.1 -1.1
Crabp1 12903 -1.5 -3.0 Kcnip3 56461 4.4 1.0 Prg2 19074 1.4 -10.7 Ube4a 140630 1.7 8.0
Cradd 12905 3.3 -2.7 Kcnj10 16513 2.4 3.1 Prg3 53856 1.3 -4.9 Ube4b 63958 1.2 2.6
Cramp1l 57354 1.6 2.9 Kcnj11 16514 -1.4 -8.7 Prg4 96875 23.1 -1.1 Ubfd1 28018 1.5 4.7
Crb2 241324 -6.7 -18.5 Kcnj12 16515 1.2 -3.3 Prickle1 106042 -1.9 -3.1 Ubl3 24109 2.0 4.6
Crb3 224912 -2.4 1.3 Kcnj16 16517 1.7 -9.9 Prickle3 54630 1.2 4.2 Ubl4 27643 -3.3 2.0
Crbn 58799 1.6 2.4 Kcnj3 16519 -4.8 1.5 Prim2 19076 3.5 2.2 Ubl5 66177 -2.2 1.2
Crcp 12909 1.0 2.9 Kcnj4 16520 2.4 -2.4 Prima1 170952 1.2 -2.5 Ubl7 69459 2.1 -1.1
Crct1 74175 1.4 -2.9 Kcnj4 16520 -2.0 -22.6 Prima1 170952 1.3 -4.3 Ublcp1 79560 2.3 4.9
Creb1 12912 4.2 2.3 Kcnj8 16523 -6.3 -1.6 Prkaa1 105787 1.6 8.2 Ubn1 170644 1.5 2.9
Creb1 12912 1.4 2.2 Kcnk1 16525 -10.2 -23.2 Prkaa1 105787 1.3 2.8 Ubn2 320538 1.4 12.0
Creb3l1 26427 4.0 -1.9 Kcnk12 210741 1.0 -2.2 Prkab2 108097 2.0 2.2 Ubp1 22221 2.0 4.1
Creb3l2 208647 -3.1 -2.2 Kcnk13 217826 1.7 -2.6 Prkacb 18749 1.4 3.3 Ubqln1 56085 -1.3 10.4
Creb3l2 208647 -2.0 -2.4 Kcnk3 16527 1.8 -11.4 Prkag3 241113 -1.3 -2.5 Ubqln2 54609 -1.9 9.3
Creb3l3 208677 2.0 -4.4 Kcnk4 16528 -2.8 -4.0 Prkar1b 19085 1.5 -21.1 Ubr1 22222 -4.4 1.5
Creb5 231991 9.3 16.3 Kcnk5 16529 2.4 -3.2 Prkar1b 19085 4.1 -1.2 Ubr1 22222 -2.1 2.9
Creb5 231991 9.6 11.1 Kcnk6 52150 3.4 1.9 Prkar2a 19087 2.6 1.5 Ubr1 22222 3.6 -2.1
Creb5 231991 2.6 3.7 Kcnmb2 72413 1.7 -4.5 Prkar2a 19087 1.1 4.0 Ubr1 22222 4.1 4.6
Crebbp 12914 1.0 2.5 Kcnmb3 100502876 1.2 -2.5 Prkar2a 19087 -2.1 14.7 Ubr2 224826 1.9 3.5
Crebrf 77128 -2.4 -1.2 Kcnmb4os1 67342 1.1 -6.0 Prkar2b 19088 -1.5 -2.1 Ubr2 224826 1.0 2.9
Creg2 263764 8.2 5.8 Kcnn1 84036 -1.5 -8.0 Prkcb 18751 2.7 1.7 Ubr2 224826 -1.4 3.7
Creld1 171508 -5.0 -2.0 Kcnn3 140493 -1.9 4.3 Prkcb 18751 4.8 2.0 Ubr2 224826 -1.6 3.2
Creld2 76737 1.4 2.5 Kcnn4 16534 -2.2 1.3 Prkcd 18753 5.1 3.0 Ubr3 68795 -1.8 6.8
Crem 12916 -1.5 3.0 Kcnq1 16535 1.8 -7.0 Prkcd 18753 4.1 3.1 Ubr3 68795 -1.1 7.6
Crem 12916 7.1 2.6 Kcnq1ot1 63830 -5.4 -1.1 Prkce 18754 8.9 3.6 Ubr5 70790 1.6 12.5
Crem 12916 18.7 2.9 Kcnq1ot1 63830 -2.1 1.3 Prkcg 18752 -1.3 -4.9 Ubr5 70790 2.4 2.4
Crem 12916 19.7 7.9 Kcnq4 60613 1.6 -3.3 Prkch 18755 5.7 -3.6 Ubr7 66622 1.6 -2.1
Crem 12916 8.8 8.6 Kcnq5 226922 -1.5 -4.3 Prkci 18759 -3.9 -1.3 Ubr7 66622 10.5 2.2
Crhbp 12919 -1.5 -2.8 Kcns1 16538 1.2 -3.0 Prkcq 18761 1.2 5.2 Ubtd2 327900 1.3 5.3
Crhr1 12921 1.7 -3.8 Kcnt1 227632 1.6 -17.3 Prkcz 18762 -23.0 -3.2 Ubtd2 327900 1.2 2.9
Crhr1 12921 -1.2 -3.3 Kcnt1 227632 -4.9 -21.6 Prkcz 18762 -5.1 -1.7 Ubxn10 212190 1.2 -11.7
Crhr2 12922 1.6 -26.1 Kcnt2 240776 -9.3 1.1 Prkcz 18762 -1.6 -3.1 Ubxn11 67586 1.4 2.1
Crim1 50766 -22.6 -1.7 Kcnt2 240776 -7.6 -2.0 Prkd2 101540 -1.1 -3.1 Ubxn2a 217379 -1.6 3.5
Crip2 68337 -3.9 -4.3 Kcp 333088 1.2 -3.7 Prkd3 75292 2.6 2.0 Ubxn2b 68053 -2.3 1.3
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Crip3 114570 -1.2 -9.4 Kctd1 106931 -1.3 3.7 Prkd3 75292 1.9 2.4 Ubxn4 67812 -1.3 2.5
Cript 56724 1.3 3.6 Kctd12 239217 2.3 1.3 Prkd3 75292 -1.2 4.2 Ubxn7 224111 -2.9 7.1
Cript 56724 1.7 2.7 Kctd12 239217 3.5 1.4 Prkdc 19090 -1.7 6.1 Ubxn7 224111 1.4 2.1
Crispld1 83691 1.4 -3.7 Kctd12b 207474 1.0 -2.3 Prkg1 19091 1.7 -5.5 Ubxn7 224111 2.0 2.2
Crispld2 78892 -2.6 1.4 Kctd13 233877 1.6 2.8 Prkg2 19092 -5.3 -1.1 Ubxn8 108159 -1.5 4.4
Crkl 12929 2.2 1.5 Kctd14 233529 -4.3 1.5 Prkra 23992 1.0 -2.9 Uchl1 22223 -20.9 -21.8
Crlf1 12931 3.7 1.2 Kctd15 233107 -8.7 -30.6 Prkrir 72981 -2.1 1.2 Uchl1 22223 -28.3 -27.6
Crlf1 12931 1.1 -20.8 Kctd18 51960 -1.9 3.3 Prl 19109 1.0 -3.4 Ucn 22226 1.1 -3.9
Crlf3 54394 2.3 1.6 Kctd19 279499 10.4 -2.1 Prl2c3 18812 1.6 -2.8 Ucp1 22227 -2.9 -1.2
Crlf3 54394 3.3 1.7 Kctd20 66989 1.0 2.9 Prl3a1 67000 1.1 -2.2 Ucp2 22228 3.2 1.0
Crls1 66586 -2.6 -1.3 Kctd20 66989 1.7 2.7 Prl3b1 18776 1.5 -7.6 Uevld 54122 -6.2 10.0
Crnde 71296 -2.0 -5.8 Kctd4 67516 4.1 3.0 Prl3d1 18775 1.0 -4.5 Ufd1l 22230 1.7 2.0
Crnkl1 66877 2.9 1.5 Kctd4 67516 1.6 3.2 Prl3d2 215028 -2.4 -6.9 Ufsp1 70240 -1.5 -2.7
Crot 74114 -3.5 -1.5 Kctd5 69259 3.1 1.1 Prl7a2 19114 -1.3 -12.3 Ufsp2 192169 2.9 4.2
Crtac1 72832 2.0 -2.2 Kctd5 69259 1.4 4.5 Prl8a8 74188 1.7 2.9 Ugcg 22234 3.2 7.0
Crtam 54698 1.3 -4.0 Kctd8 243043 1.3 -14.1 Prlhr 226278 1.6 -9.7 Ugdh 22235 -9.6 -2.7
Crxos 546024 2.8 -28.8 Kdelc1 72050 1.1 3.0 Prlr 19116 1.3 -3.5 Uggt1 320011 1.1 4.6
Cryaa 12954 1.4 -3.7 Kdelc1 72050 1.2 4.3 Prlr 19116 -1.2 -10.4 Uggt2 66435 -4.4 -1.5
Cryab 12955 -2.2 -1.6 Kdelr3 105785 14.5 2.9 Prm1 19118 -2.1 -6.5 Uggt2 66435 1.9 2.9
Cryab 12955 -2.4 -5.2 Kdf1 69073 -18.1 -5.0 Prmt10 102182 -1.9 2.9 Uggt2 66435 -4.7 -1.5
Cryba2 12958 3.9 -1.7 Kdm1a 99982 -1.1 3.2 Prmt2 15468 -3.2 -2.3 Uggt2 66435 -2.5 1.2
Crybb1 12960 6.8 -2.1 Kdm1b 218214 -5.8 2.8 Prmt3 71974 -1.3 2.6 Ugp2 216558 -1.2 2.6
Crybb1 12960 1.5 -2.8 Kdm2b 30841 1.6 2.4 Prmt3 71974 1.8 7.8 Ugt1a6b 394435 -2.2 -1.9
Crybb2 12961 1.1 -7.4 Kdm3a 104263 -2.7 3.4 Prmt3 71974 -1.1 4.6 Ugt1a6b 394435 -15.4 -6.2
Crybb3 12962 1.2 -5.5 Kdm4c 76804 -1.1 3.3 Prmt3 71974 -5.0 1.4 Ugt2a1 94215 2.1 1.4
Cryga 12964 1.2 -7.2 Kdm5a 214899 1.7 2.6 Prmt6 99890 1.1 3.5 Ugt2b1 71773 -2.1 1.0
Crygc 12966 1.0 -2.7 Kdm5a 214899 -3.1 2.3 Prmt6 99890 1.0 2.1 Ugt2b35 243085 -2.1 -1.6
Crygc 12966 -1.6 -9.5 Kdm5b 75605 -5.8 -1.4 Prnd 26434 -10.7 -1.8 Ugt3a1 105887 -12.5 -15.3
Crygd 12967 1.4 -10.8 Kdm5b 75605 -2.9 -1.9 Proc 19123 -4.3 -10.5 Ugt3a2 223337 1.0 -11.1
Cryge 12968 2.7 -3.0 Kdm5c 20591 -5.1 1.3 Prodh 19125 -4.0 -2.3 Uhmk1 16589 2.5 2.4
Crygn 214301 -1.1 -10.8 Kdm6a 22289 -2.9 3.3 Prodh2 56189 1.1 -7.0 Uhrf1 18140 2.1 1.6
Crygs 12970 1.0 -8.9 Kdm6b 216850 5.2 4.8 Prok1 246691 1.6 -9.4 Uhrf1bp1 224648 4.9 2.8
Cryl1 68631 1.2 5.1 Kdm7a 338523 3.6 4.5 Prokr2 246313 -2.3 1.2 Uhrf1bp1 224648 1.5 3.0
Crym 12971 -1.5 3.0 Kdm7a 338523 2.7 3.4 Prom1 19126 1.0 -3.1 Uhrf1bp1l 75089 -2.9 -1.2
Cryz 12972 -3.3 -1.5 Kdm7a 338523 3.9 2.9 Prom2 192212 -13.0 -4.8 Uimc1 20184 1.0 7.3
Cryzl1 66609 -3.3 1.1 Kdsr 70750 -3.3 -1.8 Prom2 192212 -11.4 -8.1 Uimc1 20184 1.1 3.2
Csad 246277 -3.4 -1.6 Kdsr 70750 -2.0 5.8 Prop1 19127 1.0 -17.7 Ulk1 22241 -2.2 1.1
Csf1 12977 7.2 6.3 Keg1 64697 1.0 -2.2 Prorsd1 67939 2.3 3.2 Ulk2 29869 -1.1 -2.3
Csf1r 12978 2.7 -1.2 Khdc3 66991 2.6 -6.1 Prosc 114863 -1.2 2.5 Ulk4 209012 -2.2 2.4
Csf1r 12978 2.4 -1.1 Khdrbs1 20218 1.4 2.0 Prosc 114863 3.2 6.4 Umps 22247 3.2 8.4
Csf1r 12978 2.9 -1.2 Khdrbs1 20218 1.4 3.2 Prosc 114863 1.4 2.1 Umps 22247 1.4 11.2
Csf2ra 12982 2.9 1.9 Khdrbs2 170771 2.1 2.0 Proscos 100328574 1.7 -3.3 Umps 22247 2.2 6.4
Csf2rb 12983 19.2 5.1 Khk 16548 1.5 -4.5 Proser1 212127 -2.3 6.4 Unc119b 106840 -2.1 3.6
Csf2rb 12983 11.4 6.8 Khnyn 219094 -2.2 -1.4 Proser1 212127 -1.2 4.2 Unc13a 382018 8.9 1.4
Csf2rb 12983 7.7 3.3 Kidins220 77480 -2.5 -1.0 Proser2 227545 -13.9 -13.9 Unc13b 22249 -13.5 3.9
Csf2rb2 12984 16.1 5.2 Kif12 16552 1.2 -16.4 Proser2 227545 -4.6 -28.8 Unc13b 22249 -10.9 -1.6
Csf3 12985 2.0 -9.7 Kif12 16552 1.3 -4.4 Prox1 19130 -7.0 -1.9 Unc13c 208898 -1.9 -5.6
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Csf3r 12986 34.9 12.0 Kif13a 16553 -1.3 2.7 Prox2 73422 2.3 -6.3 Unc45b 217012 -8.1 -2.2
Csgalnact2 78752 2.9 2.1 Kif13a 16553 -2.3 1.8 Proz 66901 -1.1 -2.6 Unc5a 107448 -8.3 -4.2
Csk 12988 2.2 1.8 Kif13b 16554 1.1 5.1 Proz 66901 2.4 9.5 Unc5b 107449 -36.8 -16.3
Csl 71832 1.1 2.4 Kif15 209737 -2.5 5.0 Prp2 83380 1.3 -17.1 Unc79 217843 1.0 -32.6
Csmd1 94109 1.2 -3.0 Kif16b 16558 7.3 2.5 Prp2 83380 1.3 -7.5 Unc80 329178 1.1 -47.2
Csmd2os 74989 2.4 -17.9 Kif17 16559 -1.3 -4.9 Prpf18 67229 2.7 6.0 Unc80 329178 1.0 -2.2
Csmd3 239420 2.7 -10.9 Kif18b 70218 1.0 -6.3 Prpf3 70767 -1.1 2.0 Unc93b1 54445 3.8 -1.1
Csn1s1 12990 -1.0 -2.8 Kif1a 16560 3.5 -2.5 Prpf31 68988 1.3 2.1 Unc93b1 54445 2.1 -1.1
Csnk1a1 93687 1.4 4.5 Kif1a 16560 14.1 4.4 Prpf39 328110 1.6 3.1 Uncx 22255 1.0 -4.1
Csnk1e 27373 3.5 1.4 Kif1b 16561 1.8 2.5 Prpf39 328110 -1.4 2.8 Ung 22256 1.3 3.0
Csnk1g1 214897 2.0 4.2 Kif1b 16561 1.1 2.7 Prpf4 70052 1.1 4.9 Unk 217331 2.6 -2.0
Csnk2a1 12995 -2.9 6.2 Kif1b 16561 -2.6 -1.0 Prpf40b 54614 -1.7 -2.6 Unkl 74154 -3.5 1.7
Csnk2a1 12995 1.1 3.1 Kif20a 19348 -1.2 -3.0 Prpf4b 19134 -2.0 1.0 Unkl 74154 2.0 -3.9
Csnk2a2 13000 -1.8 2.2 Kif20a 19348 2.9 -8.3 Prps1 19139 1.2 5.0 Uox 22262 1.1 -20.7
Cspg4 121021 1.7 -5.5 Kif21a 16564 -9.6 -1.2 Prps1l1 75456 1.7 -10.6 Upf3a 67031 -1.6 10.4
Cspg4 121021 1.2 -3.6 Kif21b 16565 1.8 2.2 Prpsap1 67763 -2.2 -1.1 Upf3b 68134 -2.4 1.2
Cspg4 121021 1.0 -3.5 Kif21b 16565 2.4 1.5 Prr11 270906 3.1 -17.7 Upf3b 68134 -2.6 1.8
Cspg5 29873 -20.6 -9.7 Kif22 110033 1.3 -3.6 Prr11 270906 5.1 -2.0 Upk1a 109637 -20.2 -10.4
Cspg5 29873 -15.3 -5.2 Kif26a 668303 2.2 -1.3 Prr15 78004 -2.9 -4.5 Upk1a 109637 -25.0 -11.6
Cspp1 211660 1.1 5.0 Kif26a 668303 -3.1 -1.5 Prr15l 217138 -2.4 -4.5 Upk1b 22268 -9.4 -3.9
Csrnp1 215418 5.2 -1.5 Kif26b 269152 -5.3 1.1 Prr16 71373 -2.8 1.0 Upk2 22269 -7.3 -7.1
Csrnp1 215418 9.0 1.5 Kif27 75050 4.8 -3.0 Prr22 100504446 1.2 -3.3 Upk3a 22270 -10.4 -11.0
Csrnp1 215418 11.6 18.4 Kif2a 16563 3.1 1.8 Prr3 75210 1.1 13.1 Upk3b 100647 -9.1 -6.0
Csrnp2 207785 1.1 7.5 Kif2a 16563 1.3 3.2 Prr30 76627 -1.4 -6.6 Uqcrq 22272 3.5 15.9
Csrp2 13008 -3.6 -2.4 Kif2b 73470 1.0 -3.9 Prr5 109270 2.1 -2.9 Urah 76974 -2.9 -2.7
Cst12 69362 -3.6 -4.0 Kif3a 16568 1.4 4.0 Prr5l 72446 3.3 1.5 Urah 76974 -2.9 -2.2
Cst13 69294 1.2 -5.0 Kif3b 16569 2.1 3.6 Prrc1 73137 -2.3 4.9 Urb1 207932 6.2 2.1
Cst6 73720 -9.5 -3.4 Kif3b 16569 5.4 7.6 Prrc2b 227723 -3.4 -1.5 Urb1 207932 1.4 2.5
Csta1 209294 50.5 10.1 Kif3c 16570 1.2 -3.7 Prrc2c 226562 3.0 1.8 Urb1 207932 1.9 -8.5
Cstb 13014 1.8 2.1 Kif5c 16574 -3.8 -3.3 Prrg1 546336 1.6 -14.2 Urb2 382038 -19.7 3.9
Cstf2 108062 1.2 2.2 Kifap3 16579 1.2 -2.3 Prrg1 546336 1.1 -16.2 Uri1 19777 -2.7 1.1
Cstf2t 83410 1.4 3.3 Kifc1 100502766 -1.1 -3.3 Prrg2 65116 -2.9 1.3 Uri1 19777 -1.8 2.4
Cstf3 228410 -3.2 5.1 Kifc2 16581 -4.4 -1.7 Prrg4 228413 -5.7 1.2 Uri1 19777 -2.1 1.0
Ctage5 217615 3.2 4.2 Kifc3 16582 2.3 -1.3 Prrt2 69017 2.9 -2.8 Urm1 68205 1.7 2.3
Ctage5 217615 2.0 10.6 Kin 16588 -1.4 2.7 Prrt3 210673 -9.4 -1.1 Uroc1 243537 -6.4 -50.6
Ctbs 74245 6.5 2.8 Kin 16588 -1.7 10.6 Prrt3 210673 -1.6 -5.9 Ush1c 72088 3.9 -16.4
Ctcf 13018 1.1 2.9 Kirrel 170643 1.4 -2.6 Prrx1 18933 -6.9 -4.7 Ush1g 16470 -2.0 -6.9
Ctdp1 67655 2.1 7.6 Kirrel2 243911 -1.0 -5.2 Prrx1 18933 -4.4 -2.8 Uso1 56041 1.4 2.6
Ctdp1 67655 2.4 1.6 Kiss1r 114229 2.2 -15.4 Prss2 22072 2.1 -9.1 Uso1 56041 1.7 2.4
Ctdsp2 52468 1.2 3.2 Kiz 228730 -2.3 1.0 Prss21 57256 1.1 -2.1 Usp1 230484 1.9 2.9
Ctdspl 69274 -3.3 -1.8 Kl 16591 1.0 -6.3 Prss22 70835 1.6 -2.4 Usp11 236733 -1.4 -4.2
Ctdspl 69274 -2.0 -6.2 Klb 83379 1.7 -13.9 Prss23 76453 -3.6 -1.1 Usp12 22217 4.3 2.4
Ctdspl2 329506 -1.3 12.0 Klc1 16593 4.9 7.6 Prss23 76453 -3.1 -4.4 Usp12 22217 4.2 3.6
Ctdspl2 329506 1.0 5.6 Klf11 194655 -2.4 -3.7 Prss29 114662 -2.2 -3.7 Usp13 72607 1.1 2.4
Ctdspl2 329506 -1.1 2.4 Klf11 194655 4.3 -14.8 Prss3 22073 -2.3 -6.2 Usp13 72607 -4.3 -2.1
Ctgf 14219 1.6 -3.0 Klf12 16597 -8.7 -4.6 Prss3 22073 -2.1 -2.6 Usp13 72607 2.3 -1.1
Ctif 269037 1.0 -7.2 Klf13 50794 3.7 1.5 Prss32 69814 1.4 -3.4 Usp14 59025 -1.3 2.6
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Ctnna1 12385 -2.2 -1.6 Klf13 50794 3.8 1.2 Prss33 353130 2.5 -5.7 Usp14 59025 -2.1 6.9
Ctnna1 12385 1.5 2.1 Klf15 66277 -1.1 -2.2 Prss34 328780 3.4 1.6 Usp15 14479 1.3 -2.6
Ctnna2 12386 3.6 1.8 Klf5 12224 -13.8 -4.6 Prss35 244954 1.0 -6.4 Usp15 14479 -1.2 2.6
Ctnna2 12386 1.0 -13.5 Klf5 12224 -21.4 -1.4 Prss36 77613 -2.3 -1.4 Usp15 14479 -1.1 2.3
Ctnnal1 54366 -11.6 -1.2 Klf8 245671 1.2 -4.3 Prss41 71003 1.8 -7.0 Usp15 14479 -1.2 2.4
Ctnnal1 54366 -7.2 -2.4 Klf9 16601 -3.7 -2.1 Prss46 74306 1.4 2.9 Usp16 74112 3.1 2.7
Ctnnal1 54366 -18.4 -3.3 Klhdc1 271005 2.9 1.8 Prss50 235631 2.4 -4.4 Usp18 24110 1.7 2.3
Ctnnal1 54366 -19.3 -1.8 Klhdc10 76788 2.8 -1.7 Prss50 235631 1.2 2.4 Usp2 53376 5.6 7.9
Ctnnb1 12387 -2.2 -1.4 Klhdc10 76788 1.3 4.2 Prss51 100504162 -3.7 -8.5 Usp2 53376 3.0 1.6
Ctnnb1 12387 -2.1 -1.0 Klhdc2 69554 -1.7 -20.7 Prss52 73382 1.1 -3.9 Usp20 74270 -2.4 -1.2
Ctnnbl1 66642 3.3 1.2 Klhdc4 234825 2.5 -1.1 Prss55 71037 1.1 -3.4 Usp24 329908 -1.4 -2.8
Ctnnd1 12388 -1.1 -2.5 Klhdc4 234825 8.7 3.2 Prss56 69453 -1.0 -11.7 Usp25 30940 1.2 2.4
Ctns 83429 3.7 3.3 Klhdc7a 242721 -14.9 -5.7 Prss57 73106 10.3 -9.7 Usp27x 54651 -5.9 -2.8
Ctrb1 66473 -1.0 -6.8 Klhdc7a 242721 -24.1 -8.8 Prss58 232717 1.2 -4.9 Usp29 57775 1.1 -2.1
Ctrl 109660 1.3 -2.9 Klhdc7b 546648 1.4 -4.9 Prss8 76560 -9.1 -5.3 Usp29 57775 -7.9 -8.9
Cts6 58518 -1.0 -5.3 Klhdc8a 213417 -1.7 -9.2 Prtn3 19152 33.4 -1.1 Usp3 235441 -1.2 3.5
Ctsa 19025 2.6 -1.1 Klhdc8b 78267 -3.3 -2.8 Prune 229589 -8.0 -3.3 Usp3 235441 -1.4 8.9
Ctsa 19025 2.1 1.1 Klhl1 93688 1.3 -6.6 Prune 229589 1.7 6.3 Usp30 100756 -1.7 2.4
Ctsa 19025 8.2 1.5 Klhl10 66720 1.1 -3.0 Prune2 353211 1.1 -7.6 Usp31 76179 -5.8 -1.3
Ctsa 19025 5.7 2.3 Klhl11 217194 2.8 2.5 Prx 19153 -1.3 -8.9 Usp32 237898 2.1 2.8
Ctse 13034 -11.4 -6.7 Klhl14 225266 -4.0 1.2 Psapl1 76943 -4.8 -4.3 Usp33 170822 1.0 2.5
Ctsf 56464 -4.6 -5.7 Klhl15 236904 -1.0 4.4 Psapl1 76943 -6.1 -7.6 Usp33 170822 1.0 3.0
Ctsg 13035 -1.7 -4.5 Klhl15 236904 -6.2 6.4 Psca 72373 -3.2 -2.4 Usp33 170822 2.2 -1.4
Ctsl 13039 2.3 1.4 Klhl18 270201 2.7 1.3 Psd2 74002 1.0 -4.2 Usp33 170822 1.0 6.2
Ctsm 64139 1.6 -5.0 Klhl18 270201 1.3 2.1 Psd3 234353 4.7 -3.7 Usp33 170822 -1.1 2.1
Ctss 13040 2.7 1.6 Klhl2 77113 1.1 6.1 Psd3 234353 -3.3 -1.2 Usp34 17847 -2.1 -1.6
Ctsz 64138 3.2 1.6 Klhl20 226541 2.2 1.7 Psd3 234353 -5.9 -1.1 Usp34 17847 -1.0 4.1
Ctsz 64138 7.5 1.8 Klhl21 242785 -1.7 2.2 Psg16 26436 -2.6 -39.0 Usp34 17847 -1.1 2.7
Cttn 13043 -11.1 -3.0 Klhl22 224023 -10.5 2.6 Psg17 26437 1.0 -11.6 Usp37 319651 3.8 1.2
Cttn 13043 -9.7 -6.2 Klhl24 75785 -6.6 -2.2 Psg18 26438 2.8 -1.0 Usp37 319651 3.5 1.5
Cttnbp2 30785 -4.1 -1.4 Klhl24 75785 -2.1 -1.5 Psip1 101739 -3.1 2.3 Usp38 74841 3.4 1.8
Cttnbp2nl 80281 7.4 2.2 Klhl28 66689 -2.4 1.5 Psma3 19167 -1.3 2.1 Usp38 74841 2.4 1.3
Cttnbp2nl 80281 5.5 8.4 Klhl29 208439 1.1 -3.7 Psma3 19167 -1.0 5.2 Usp38 74841 -1.5 3.0
Ctu1 233189 2.0 -3.9 Klhl30 70788 2.5 -1.3 Psma8 73677 -1.1 -2.9 Usp39 28035 1.3 5.2
Ctu2 66965 1.5 -3.9 Klhl32 212390 -1.0 -5.7 Psmb11 73902 -2.2 -16.7 Usp42 76800 1.2 3.7
Ctxn3 629147 -1.1 -3.4 Klhl35 72184 1.8 2.1 Psmb8 16913 2.5 2.1 Usp42 76800 -5.4 3.4
Cuedc1 103841 -6.5 -2.2 Klhl40 72330 -1.1 -12.0 Psmb8 16913 2.8 1.9 Usp44 327799 2.0 2.6
Cuedc1 103841 -6.1 -11.4 Klhl42 232539 -4.0 -1.3 Psmc2 19181 1.1 -2.5 Usp44 327799 1.3 2.5
Cuedc2 67116 2.3 1.1 Klhl42 232539 -2.2 -1.1 Psmc6 67089 1.7 3.4 Usp46 69727 -2.2 -5.9
Cul2 71745 -1.9 7.2 Klhl5 71778 -1.4 4.2 Psmc6 67089 1.4 3.0 Usp47 74996 -1.9 2.8
Cul3 26554 1.1 2.1 Klhl6 239743 4.9 -2.6 Psmd1 70247 1.8 3.2 Usp47 74996 -3.4 1.1
Cul4a 99375 1.4 7.0 Klhl6 239743 3.9 -1.2 Psmd12 66997 1.2 3.0 Usp47 74996 1.7 2.4
Cul4b 72584 -2.4 1.3 Klhl7 52323 -3.3 1.7 Psmd13 23997 2.3 2.5 Usp48 170707 -2.0 2.7
Cul4b 72584 3.1 1.6 Klhl8 246293 -1.3 -2.8 Psmd14 59029 1.9 3.5 Usp50 75083 1.0 -3.5
Cul5 75717 2.2 -1.9 Klhl8 246293 1.1 -2.4 Psmd14 59029 1.6 2.5 Usp53 99526 -4.5 -2.7
Cul5 75717 1.3 2.3 Klhl9 242521 -1.4 -2.1 Psmd2 21762 1.6 2.2 Usp53 99526 -12.5 -1.1
Cul7 66515 -1.0 -4.5 Klk1 16612 -1.4 -43.9 Psmd4 19185 5.4 -2.2 Usp54 78787 -2.2 -1.7
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Cul7 66515 -2.9 1.1 Klk11 56538 1.4 -3.1 Psmd7 17463 -9.6 6.7 Usp54 78787 -1.1 -2.4
Cutal 77996 -2.6 -1.2 Klk12 69511 -6.0 -1.5 Psmd9 67151 3.3 3.3 Usp54 78787 -9.1 3.4
Cutc 66388 1.3 4.2 Klk15 317652 -1.3 -8.9 Psme4 103554 1.7 2.6 Usp7 252870 1.8 2.4
Cux1 13047 2.7 1.7 Klk1b1 16623 1.0 -8.8 Psmf1 228769 -1.2 3.9 Usp8 84092 1.2 7.0
Cux1 13047 1.1 3.0 Klk1b21 16616 -2.5 -1.7 Pspc1 66645 1.8 9.0 Usp9x 22284 -2.2 1.3
Cux1 13047 1.5 2.7 Klk1b26 16618 -1.0 -4.3 Psph 100678 -3.3 1.2 Utf1 22286 1.9 -14.6
Cux2 13048 -2.0 -4.7 Klk1b3 18050 1.2 -2.8 Psph 100678 -3.2 1.2 Utp14a 72554 -1.5 2.2
Cuzd1 16433 -1.6 -7.2 Klk1b4 18048 -2.0 -6.8 Pspn 19197 3.8 1.3 Utp15 105372 3.4 4.1
Cwc15 66070 8.4 8.9 Klk1b8 16624 -2.0 -37.5 Psrc1 56742 10.9 -1.3 Utp15 105372 -1.1 3.0
Cwc25 67480 1.2 4.6 Klk4 56640 -1.0 -10.0 Pstk 214580 -1.1 -4.0 Utp18 217109 -1.5 6.3
Cwc27 67285 2.0 2.8 Klk5 68668 1.7 -16.2 Pstpip1 19200 5.6 3.6 Utp20 70683 1.0 5.6
Cwf19l1 72502 2.7 -5.0 Klk6 19144 -2.6 -1.3 Pstpip2 19201 7.6 1.7 Utp23 78581 2.5 1.7
Cwf19l1 72502 2.1 3.8 Klk7 23993 1.0 -10.9 Pstpip2 19201 2.5 1.3 Utp6 216987 1.3 7.8
Cwf19l2 244672 6.5 2.4 Klk7 23993 1.6 -16.2 Ptafr 19204 1.4 -2.9 Utp6 216987 1.3 4.0
Cwf19l2 244672 -1.3 3.1 Klk8 259277 1.8 4.2 Ptafr 19204 5.2 1.2 Utp6 216987 -1.0 2.5
Cx3cl1 20312 -2.3 -3.9 Klra15 27423 -5.0 1.1 Ptbp2 56195 8.7 -1.4 Utrn 22288 -2.8 1.3
Cx3cr1 13051 3.6 3.1 Klra16 27424 1.4 -5.2 Ptbp2 56195 10.2 1.8 Utrn 22288 -2.3 -1.3
Cx3cr1 13051 4.2 8.3 Klra17 170733 -1.0 -2.2 Ptbp3 230257 1.3 2.4 Utrn 22288 -2.8 -2.0
Cxadr 13052 -1.3 4.5 Klra2 16633 3.5 11.3 Ptcd1 71799 1.5 2.1 Utrn 22288 -5.1 1.3
Cxadr 13052 -8.5 -2.8 Klra2 16633 6.9 7.4 Ptcd2 68927 -1.8 3.9 Uts2r 217369 1.1 -11.5
Cxadr 13052 -15.0 -4.0 Klra8 16639 2.6 -3.1 Ptcd3 69956 1.3 -3.2 Uvrag 78610 1.2 8.3
Cxcl1 14825 14.8 8.1 Klrb1a 17057 2.8 16.9 Ptch1 19206 2.2 -4.7 Uvssa 71101 -1.7 3.0
Cxcl10 15945 200.9 36.7 Klrb1b 80782 4.3 14.8 Ptchd3 74675 1.1 -3.4 Uxs1 67883 3.6 4.6
Cxcl11 56066 27.6 18.1 Klrc1 16641 2.7 4.6 Ptdss1 19210 -1.4 9.1 Uxt 22294 1.2 3.5
Cxcl12 20315 -1.6 -3.4 Klrc1 16641 1.4 2.0 Ptdss2 27388 5.0 -1.7 Vac14 234729 2.3 -1.1
Cxcl16 66102 9.5 3.5 Kmo 98256 3.6 1.1 Ptdss2 27388 -1.7 -2.8 Vac14 234729 2.1 1.1
Cxcl16 66102 11.6 5.4 Kmt2b 75410 -1.3 2.4 Pten 19211 -1.1 5.4 Vamp1 22317 -3.3 3.4
Cxcl2 20310 17.5 25.0 Kmt2c 231051 1.3 5.2 Ptgdr2 14764 2.1 -3.6 Vamp3 22319 3.1 1.8
Cxcl3 330122 20.0 14.1 Kmt2c 231051 1.1 6.8 Ptgdr2 14764 5.0 1.8 Vamp4 53330 2.3 3.1
Cxcl9 17329 23.9 3.1 Kmt2c 231051 -2.7 1.2 Ptgds 19215 1.1 -2.8 Vamp4 53330 1.3 6.1
Cxcr2 12765 106.0 42.1 Kmt2d 381022 2.0 1.9 Ptger1 19216 2.5 1.1 Vamp5 53620 -4.9 -2.6
Cxcr2 12765 27.0 3.3 Kmt2e 69188 -1.4 9.4 Ptger2 19217 5.9 8.4 Vamp7 20955 1.1 3.8
Cxcr4 12767 10.9 4.9 Kmt2e 69188 1.5 2.6 Ptger3 19218 -2.4 -1.1 Vangl1 229658 1.1 3.5
Cxcr4 12767 6.7 3.7 Kndc1 76484 1.0 -5.2 Ptger4 19219 2.4 3.2 Vangl1 229658 -6.4 1.2
Cxcr5 12145 -5.0 1.7 Kndc1 76484 1.3 -7.6 Ptges2 96979 -2.1 -1.6 Vangl1 229658 -6.2 -1.7
Cxcr6 80901 1.2 3.8 Kng1 16644 1.1 -2.6 Ptgir 19222 5.8 3.7 Vangl2 93840 -2.4 3.4
Cxx1c 72865 -2.3 -7.8 Knop1 66356 -2.4 1.2 Ptgir 19222 2.4 -1.4 Vangl2 93840 -3.2 1.1
Cxxc5 67393 -4.1 -1.0 Kpna2 16647 1.1 7.3 Ptgr1 67103 -4.2 -2.0 Vangl2 93840 -5.3 1.7
Cxxc5 67393 -3.3 -6.5 Kpna3 16648 -2.1 1.2 Ptgr2 77219 -1.7 2.9 Vars2 68915 -1.2 6.0
Cyb561 13056 -5.8 -2.0 Kpna3 16648 14.2 1.6 Ptgs2 19225 36.1 80.4 Vash1 238328 -1.4 -7.6
Cyb5a 109672 -5.3 -3.0 Kpna4 16649 3.6 3.3 Ptgs2 19225 10.0 8.9 Vash2 226841 -10.0 -1.3
Cyb5b 66427 -3.1 -1.5 Kpna4 16649 2.3 3.3 Pth1r 19228 -6.2 -2.7 Vash2 226841 2.3 1.8
Cyb5b 66427 -3.3 -2.2 Kprp 433619 -1.2 -26.9 Pth2 114640 1.6 -6.8 Vasn 246154 1.7 3.0
Cyb5d1 327951 1.1 6.6 Kras 16653 2.4 3.7 Pth2 114640 -1.1 -4.0 Vasp 22323 2.3 -1.8
Cyb5r1 72017 3.5 1.8 Kras 16653 2.3 3.9 Pth2r 213527 1.0 -2.3 Vasp 22323 3.6 4.2
Cyb5r2 320635 2.1 -7.4 Kras 16653 2.9 3.8 Ptk2b 19229 1.1 -2.4 Vat1l 270097 -4.5 1.3
Cyb5r3 109754 -2.0 -1.4 Kras 16653 1.1 6.4 Ptk2b 19229 1.5 3.1 Vav1 22324 4.3 3.3
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Cyb5r3 109754 -3.1 -1.5 Krba1 77827 -2.2 -2.6 Ptk6 20459 -1.4 -8.3 Vav1 22324 7.9 5.2
Cyb5r4 266690 1.3 2.0 Kremen1 84035 1.6 -9.3 Ptk7 71461 -21.2 -2.2 Vav3 57257 2.2 3.2
Cyb5r4 266690 1.6 2.4 Kremen1 84035 -7.1 8.1 Ptp4a1 19243 1.6 3.0 Vax1 22326 1.5 -5.1
Cyb5rl 230582 -1.1 4.1 Krit1 79264 -1.0 2.5 Ptp4a1 19243 1.7 2.7 Vbp1 22327 1.1 7.0
Cyba 13057 3.4 1.5 Krr1 52705 1.7 2.5 Ptp4a1 19243 1.1 2.3 Vbp1 22327 1.6 4.7
Cybb 13058 2.8 1.3 Krr1 52705 2.0 3.5 Ptp4a3 19245 -1.9 -2.1 Vcam1 22329 2.7 1.2
Cybb 13058 3.2 1.7 Krt1 16678 -2.7 -12.1 Ptp4a3 19245 -2.2 -5.8 Vcan 13003 19.3 7.9
Cybrd1 73649 -10.8 -5.0 Krt1 16678 -5.0 -4.0 Ptpla 30963 1.0 -8.4 Vcan 13003 45.2 114.8
Cybrd1 73649 -25.5 -23.1 Krt10 16661 -8.2 -2.7 Ptplad1 57874 -3.0 -1.4 Vcan 13003 74.3 91.3
Cycs 13063 -1.0 2.1 Krt13 16663 -3.7 -4.1 Ptplb 70757 -4.3 -1.7 Vcpip1 70675 -1.1 5.1
Cycs 13063 -1.1 2.2 Krt13 16663 -5.6 -2.8 Ptplb 70757 -4.7 -1.3 Vcpip1 70675 7.1 5.7
Cyct 13067 -1.0 -9.3 Krt14 16664 1.4 -8.4 Ptpn1 19246 2.1 2.2 Vcpkmt 207965 2.1 2.3
Cyfip1 20430 2.1 2.7 Krt15 16665 -4.5 -4.3 Ptpn1 19246 4.7 5.9 Vdac2 22334 1.0 2.4
Cyfip2 76884 -1.9 25.7 Krt16 16666 -2.5 -10.9 Ptpn12 19248 2.1 5.4 Vdr 22337 10.2 29.1
Cyhr1 54151 -3.3 -2.1 Krt17 16667 -1.6 -10.6 Ptpn12 19248 2.0 4.4 Vegfa 22339 2.9 8.9
Cylc2 74914 -1.3 -3.6 Krt18 16668 -6.3 -6.4 Ptpn13 19249 -16.9 -3.4 Vegfa 22339 4.5 11.6
Cyld 74256 1.8 11.8 Krt19 16669 -7.1 -6.1 Ptpn13 19249 -4.2 -6.3 Vegfa 22339 2.1 16.3
Cyp11a1 13070 -1.5 -10.9 Krt2 16681 1.0 -4.6 Ptpn14 19250 -27.0 -5.9 Vegfb 22340 -2.4 -2.7
Cyp11a1 13070 1.2 2.6 Krt2 16681 1.7 -5.6 Ptpn14 19250 -10.2 -2.6 Vegfc 22341 3.5 -9.5
Cyp11b2 13072 2.1 -2.4 Krt20 66809 -5.7 -7.9 Ptpn14 19250 -7.6 -1.4 Vezf1 22344 -3.9 1.0
Cyp17a1 13074 1.0 -3.8 Krt222 268481 -3.9 -1.3 Ptpn14 19250 -1.7 -9.0 Vezt 215008 1.0 -4.0
Cyp19a1 13075 1.1 -3.6 Krt25 70810 1.0 -7.4 Ptpn2 19255 1.6 2.5 Vgll1 170828 -2.1 -5.5
Cyp1a1 13076 -36.9 -17.6 Krt26 320864 -1.2 -6.3 Ptpn22 19260 2.6 4.4 Vgll2 215031 1.2 -3.5
Cyp1a2 13077 1.1 -4.7 Krt32 16670 1.2 -10.1 Ptpn3 545622 -53.8 -6.8 Vgll3 73569 -8.8 -3.3
Cyp1a2 13077 -3.4 -2.2 Krt33a 71888 -2.1 -4.5 Ptpn3 545622 -40.8 -5.5 Vhl 22346 2.5 6.7
Cyp1b1 13078 -8.3 -1.4 Krt33b 16671 -2.7 -15.7 Ptpn4 19258 -9.8 2.4 Vim 22352 2.4 8.6
Cyp21a1 13079 1.2 -4.1 Krt33b 16671 1.2 -2.1 Ptpn5 19259 3.3 -2.4 Vipr1 22354 -4.4 -2.4
Cyp24a1 13081 -2.8 -1.4 Krt34 16672 -1.1 -4.2 Ptpn6 15170 3.6 2.3 Vipr2 22355 -5.3 -1.5
Cyp26b1 232174 -3.8 -3.3 Krt35 53617 1.2 -3.3 Ptpn6 15170 9.8 5.9 Vipr2 22355 1.5 2.2
Cyp2a4 13086 2.9 -1.3 Krt36 16673 1.1 -5.5 Ptpn6 15170 3.4 1.5 Vkorc1 27973 -3.6 -3.3
Cyp2b13 13089 -5.5 -4.0 Krt4 16682 -3.0 -8.4 Ptpn7 320139 3.3 3.0 Vma21 67048 1.1 2.2
Cyp2b19 13090 4.5 -1.5 Krt42 68239 1.0 -6.7 Ptpn7 320139 3.3 2.0 Vma21 67048 -2.0 2.9
Cyp2b9 13094 -3.6 -2.3 Krt6a 16687 7.0 -3.7 Ptpn9 56294 -1.8 -2.8 Vmac 106639 -11.8 1.7
Cyp2c37 13096 2.7 -2.2 Krt7 110310 -5.7 -6.4 Ptpn9 56294 -2.3 1.9 Vmn1r18 171199 1.1 -2.6
Cyp2c37 13096 1.6 -3.2 Krt7 110310 -9.3 -6.9 Ptprb 19263 -4.2 1.0 Vmn1r185 171265 -1.3 -12.6
Cyp2c44 226143 -3.3 -1.6 Krt75 109052 1.8 -11.7 Ptprb 19263 1.4 5.8 Vmn1r195 171257 1.1 -6.8
Cyp2c54 404195 1.0 -3.6 Krt78 332131 -8.2 1.7 Ptprc 19264 2.9 2.9 Vmn1r201 171255 -4.2 -9.8
Cyp2c55 72082 -1.3 -15.8 Krt8 16691 -6.4 -3.8 Ptprc 19264 3.4 2.3 Vmn1r216 171279 -2.0 -12.0
Cyp2c65 72303 1.4 -3.9 Krt8 16691 -5.9 -4.4 Ptprc 19264 7.8 4.5 Vmn1r218 171256 1.1 -2.4
Cyp2c66 69888 1.0 -3.3 Krt80 74127 6.2 5.2 Ptprc 19264 3.6 3.2 Vmn1r22 171196 -1.2 -4.3
Cyp2d10 13101 1.8 -2.0 Krt83 406219 -1.5 -3.6 Ptprd 19266 -12.5 -2.2 Vmn1r225 171228 -1.6 -9.1
Cyp2d10 13101 -1.3 -4.4 Krt84 16680 1.0 -11.6 Ptprd 19266 -5.8 -3.8 Vmn1r230 171231 1.0 -28.9
Cyp2d22 56448 -2.4 -4.4 Krt85 53622 -2.5 -1.6 Ptprd 19266 -24.9 -6.2 Vmn1r233 171236 1.1 -2.4
Cyp2d22 56448 -2.7 -1.2 Krt9 107656 1.0 -3.2 Ptpre 19267 2.2 2.4 Vmn1r236 171235 1.0 -2.5
Cyp2d22 56448 3.3 1.0 Krtap13 16699 -4.7 -4.3 Ptprf 19268 -8.8 -14.0 Vmn1r25 113865 1.1 -5.6
Cyp2d26 76279 2.1 -3.3 Krtap1-5 69664 1.5 -10.9 Ptprf 19268 -8.3 -5.7 Vmn1r37 171183 4.2 1.0
Cyp2d9 13105 -2.0 -6.2 Krtap21-1 170656 1.1 -4.2 Ptprf 19268 -8.0 -7.2 Vmn1r40 113855 1.0 -3.9
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Cyp2f2 13107 -42.6 -113.0 Krtap3-1 69473 1.7 4.2 Ptprk 19272 -11.7 -4.1 Vmn1r41 113857 1.0 -6.6
Cyp2j11 100066 -4.8 -1.2 Krtap3-1 69473 1.4 -5.6 Ptprk 19272 -28.6 -1.5 Vmn1r43 113847 1.1 -20.4
Cyp2j13 230459 -2.1 1.1 Krtap31-2 432602 -1.5 -4.9 Ptprm 19274 1.2 -8.0 Vmn1r44 113854 -1.2 -9.9
Cyp2j5 13109 1.0 -2.0 Krtap3-2 66708 -2.7 1.3 Ptprn 19275 1.2 -5.2 Vmn1r47 113846 2.7 -5.8
Cyp2j6 13110 1.0 -3.8 Krtap4-13 69464 1.0 -2.9 Ptpro 19277 2.1 -1.1 Vmn1r51 22296 -3.4 -3.3
Cyp2j9 74519 -3.9 -3.1 Krtap4-16 435285 1.0 -10.7 Ptprq 237523 -2.3 1.3 Vmn1r56 81015 1.0 -10.6
Cyp2s1 74134 -16.7 -15.0 Krtap4-7 76444 1.6 -9.3 Ptprr 19279 -27.3 -18.0 Vmn1r58 81014 -1.4 -13.4
Cyp2u1 71519 -1.1 3.0 Krtap5-2 71623 -1.0 -4.1 Ptprr 19279 -13.4 -3.3 Vmn1r58 81014 1.1 -15.7
Cyp39a1 56050 -17.1 -7.4 Krtap5-3 77215 2.8 -4.8 Ptprt 19281 1.6 -3.5 Vmn1r8 171205 1.1 5.0
Cyp3a11 13112 1.0 -7.6 Krtap6-1 16700 -1.4 -5.3 Ptpru 19273 -13.0 -13.5 Vmn1r80 171238 -1.0 -5.4
Cyp3a13 13113 -6.6 1.3 Krtap7-1 71363 1.5 -2.2 Ptprz1 19283 1.1 -7.4 Vmn1r89 171260 -1.6 -5.4
Cyp3a41a 53973 1.8 -7.6 Krtap9-1 16705 -1.2 -3.6 Ptrf 19285 -4.1 -1.0 Vmn1r9 171203 1.6 4.5
Cyp46a1 13116 2.5 -22.7 Krtcap3 69815 -3.2 -2.3 Ptrf 19285 -3.3 -4.1 Vmn2r115 638102 1.7 -4.2
Cyp4a10 13117 -1.6 -2.3 Krtcap3 69815 -7.4 -2.0 Ptrf 19285 -4.5 -3.9 Vmn2r45 100042810 2.3 -6.5
Cyp4a14 13119 1.0 -16.1 Krtdap 64661 1.6 -6.4 Ptrh1 329384 3.6 3.5 Vmn2r53 637908 1.1 -6.2
Cyp4b1 13120 -5.4 1.2 Ksr2 333050 1.3 -3.6 Pts 19286 -2.2 1.1 Vmn2r59 628444 -1.7 -22.6
Cyp4f14 64385 1.4 -2.6 Ksr2 333050 -4.2 1.7 Pttg1 30939 -2.2 -1.3 Vmn2r61 637873 8.2 -7.8
Cyp4f15 106648 -15.7 -8.5 Ktn1 16709 -2.1 1.3 Pttg1ip 108705 -3.1 -1.5 Vmn2r71 233445 -2.8 -22.4
Cyp4f16 70101 2.4 1.6 Ktn1 16709 -3.4 -1.0 Ptx3 19288 2.1 3.6 Vmn2r81 216144 1.0 -2.1
Cyp4f16 70101 2.7 5.3 Ky 16716 1.0 -4.7 Ptx3 19288 2.5 -1.3 Vmn2r83 625029 -1.1 -12.1
Cyp4f18 72054 2.5 1.4 Ky 16716 -2.4 -4.7 Ptx4 68509 1.0 -3.2 Vmn2r89 22301 3.8 -6.2
Cyp4f39 320997 -6.8 -3.6 L1cam 16728 -4.1 -2.0 Puf60 67959 2.2 -3.0 Vmn2r90 626942 -1.8 -5.9
Cyp51 13121 2.3 2.5 L1Md-Tf30 16736 -3.5 1.3 Pum2 80913 2.7 5.7 Vmn2r-ps54 75835 1.0 -2.8
Cyp51 13121 1.4 2.8 L2hgdh 217666 -3.3 -1.2 Pura 19290 -1.9 2.3 Vmo1 327956 2.5 -22.2
Cyp7a1 13122 1.1 -5.7 L3mbtl2 214669 2.2 1.0 Purg 75029 -1.9 4.2 Vmp1 75909 2.3 1.4
Cyp8b1 13124 1.6 -5.3 L3mbtl3 237339 -1.6 2.2 Pus3 67049 4.3 4.2 Vpreb2 22363 -1.1 -18.9
Cypt12 75439 2.0 -2.9 Lacc1 210808 5.5 -1.2 Pus7l 78895 3.0 11.2 Vpreb3 22364 1.4 -3.3
Cypt3 69361 1.5 -8.1 Lace1 215951 6.1 -1.0 Pus7l 78895 3.4 1.0 Vps11 71732 1.8 3.7
Cyr61 16007 -1.9 -4.3 Lactb 80907 -1.0 3.2 Pusl1 433813 1.7 -3.2 Vps13b 666173 2.0 10.0
Cys1 12879 -3.2 1.2 Lactb 80907 1.4 2.2 Pvalb 19293 2.4 1.6 Vps13c 320528 -1.1 2.7
Cysltr1 58861 4.5 1.8 Lad1 16763 -5.4 -5.2 Pvr 52118 1.7 6.1 Vps13c 320528 1.1 3.4
Cysltr1 58861 99.4 7.7 Lair1 52855 5.0 2.0 Pvr 52118 3.1 30.7 Vps13d 230895 1.7 -2.1
Cysltr2 70086 6.9 5.8 Lair1 52855 40.8 3.1 Pvr 52118 2.0 2.9 Vps13d 230895 -1.0 3.0
Cystm1 66060 -6.9 1.0 Lair1 52855 3.6 2.6 Pvr 52118 22.5 16.3 Vps18 228545 2.1 1.8
Cyth1 19157 3.5 2.7 Lama1 16772 3.0 1.3 Pvr 52118 2.8 1.4 Vps18 228545 2.9 -1.1
Cyth1 19157 2.0 -2.0 Lama2 16773 1.2 -3.2 Pvr 52118 2.5 21.5 Vps26a 30930 -1.3 2.2
Cyth4 72318 8.0 1.7 Lama2 16773 1.4 -7.8 Pvrl1 58235 -4.8 -2.4 Vps29 56433 1.6 2.7
Cyth4 72318 3.0 1.5 Lama3 16774 -8.1 -6.1 Pvrl3 58998 -2.4 -1.0 Vps29 56433 1.2 -13.9
Cyth4 72318 8.0 2.0 Lama3 16774 1.2 -3.5 Pvrl3 58998 -7.7 -1.0 Vps36 70160 -2.2 1.2
Cyth4 72318 3.2 1.5 Lama4 16775 -5.0 1.5 Pvrl4 71740 -2.6 -1.1 Vps37a 52348 1.7 13.4
Cytip 227929 3.2 12.8 Lama5 16776 -11.6 -3.9 Pvt1 19296 3.6 3.8 Vps37c 107305 5.8 1.1
Cytip 227929 2.5 2.0 Lamb2 16779 -5.8 -5.2 Pwp1 103136 1.2 4.6 Vps45 22365 3.0 1.4
Cytip 227929 4.5 15.1 Lamb3 16780 -6.9 -9.6 Pwp2 110816 2.8 3.4 Vps4a 116733 2.0 4.6
D030025P21Rik100303738 1.2 -3.2 Lamc1 226519 -4.1 -1.4 Pwp2 110816 2.5 2.2 Vps54 245944 1.3 3.4
D030029J20Rik100502854 -10.1 1.9 Lamc2 16782 -21.8 -5.9 Pwwp2a 70802 1.4 2.2 Vps54 245944 1.8 3.3
D030059C06Rik 320444 3.1 3.4 Lamc3 23928 1.0 -4.5 Pwwp2a 70802 2.1 4.6 Vps54 245944 2.5 10.8
D030063E12 328530 1.3 4.0 Lamc3 23928 -1.0 -4.1 Pxdc1 66895 20.7 1.4 Vps8 209018 2.1 13.0
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D10Bwg1379e 215821 1.2 -6.3 Lamtor1 66508 -14.9 2.1 Pxmp2 19301 1.2 -2.6 Vps9d1 72325 2.0 2.0
D130020L05Rik 319760 1.5 -4.8 Lancl1 14768 -3.7 -5.8 Pxn 19303 2.3 1.7 Vrk1 22367 3.2 1.8
D130020L05Rik 319760 -3.9 -3.1 Lancl3 236285 -10.3 1.2 Pxt1 69307 1.4 -3.5 Vrk1 22367 2.7 1.8
D130043K22Rik 210108 1.2 -2.1 Lap3 66988 -1.2 3.1 Pycrl 66194 -2.2 -1.8 Vsig10 231668 -6.7 -6.6
D130061D10Rik 319385 -9.0 1.1 Lap3 66988 2.1 4.9 Pygb 110078 -4.9 -2.3 Vsig2 57276 -7.7 -5.4
D130067P18Rik 320834 1.0 2.1 Laptm4b 114128 -9.7 -2.8 Pygb 110078 -4.5 -2.1 Vsig2 57276 -6.6 -5.9
D130084N16Rik 403348 1.7 4.0 Laptm4b 114128 -8.2 -2.8 Pygl 110095 4.4 4.6 Vsig8 240916 -1.1 -10.7
D14Ertd426e 52616 3.2 1.3 Laptm5 16792 2.1 1.2 Pyhin1 236312 4.7 1.2 Vsnl1 26950 -8.4 1.4
D15Ertd621e 210998 2.0 11.6 Large 16795 -1.5 -16.4 Pyhin1 236312 12.7 4.2 Vstm2a 211739 -9.6 -1.0
D15Ertd621e 210998 -2.3 1.5 Larp1 73158 1.7 2.3 Pyhin1 236312 4.0 7.4 Vstm2l 277432 2.0 -6.7
D16Ertd472e 67102 -1.0 2.2 Larp1b 214048 2.0 11.0 Pyroxd1 232491 -1.4 2.8 Vstm4 320736 1.8 -3.6
D17Wsu92e 224647 -1.5 2.2 Larp4 207214 2.3 1.7 Pyurf 66459 3.2 3.4 Vsx2 12677 1.1 -6.2
D18Ertd232e 52492 -7.5 -1.5 Larp4 207214 1.2 3.0 Pyy 217212 1.8 -17.1 Vti1a 53611 -2.2 1.1
D19Bwg1357e 52874 1.0 10.9 Larp4 207214 1.8 2.2 Pyy 217212 1.4 -33.2 Vti1a 53611 -4.4 5.7
D19Ertd409e 52016 -1.6 4.8 Larp7 28036 -2.3 2.8 Qdpr 110391 -2.3 -1.1 Vti1a 53611 1.7 2.8
D1Ertd622e 52392 2.5 3.0 Lars 107045 1.1 -3.0 Qk 19317 3.5 1.4 Vwa5b1 75718 -1.0 -3.4
D230015J17Rik 320331 6.5 6.0 Lars 107045 2.0 1.1 Qk 19317 2.0 5.8 Vwa5b2 328643 1.0 -6.4
D230025D16Rik 234678 1.0 2.8 Las1l 76130 1.1 3.2 Qk 19317 1.4 3.7 Vwa5b2 328643 -2.2 -1.5
D230034L24Rik 106251 -2.1 -1.1 Lasp1 16796 -2.0 -1.1 Qpct 70536 2.9 1.8 Vwa7 27762 -3.0 -2.0
D230040A04Rik 414113 -1.9 -12.1 Lasp1 16796 -3.5 -3.5 Qprt 67375 2.9 -5.8 Vwa8 219189 -1.1 -3.5
D230044P21Rik 319396 -6.0 1.8 Lat 16797 -2.3 -11.0 Qrfp 227717 3.2 -2.0 Vwa8 219189 -2.2 -2.9
D330045A20Rik 102871 3.3 -3.8 Lat2 56743 2.5 4.4 Qrich2 217341 -1.8 -2.2 Vwa9 69882 1.0 3.2
D330050I16Rik 414115 -4.5 9.6 Lat2 56743 3.1 3.5 Qrsl1 76563 -1.4 2.1 Vwc2 319922 1.1 -8.1
D3Ertd254e 241944 -2.3 1.1 Lats1 16798 -1.6 8.2 Qser1 99003 1.0 5.5 Vwc2 319922 1.0 -2.3
D3Ertd254e 241944 -1.3 3.7 Lats1 16798 -1.2 2.9 Qsox1 104009 -1.4 -3.0 Vwc2l 320460 -1.5 -11.4
D3Ertd751e 73852 -5.2 -4.9 Lats2 50523 8.0 -1.2 Qtrtd1 106248 -1.1 3.6 Wac 225131 -3.8 2.0
D430006K04 328861 -1.5 -20.5 Lats2 50523 2.5 1.2 R3hcc1l 52013 1.0 2.4 Wap 22373 1.1 -2.3
D430022A14Rik 319691 1.7 3.1 Lats2 50523 2.9 1.8 R3hdm1 226412 2.6 3.4 Wapal 218914 -1.5 2.2
D430041D05Rik 241589 1.0 -14.7 Lax1 240754 1.4 -3.5 R3hdm1 226412 3.2 2.1 Wapal 218914 -1.8 3.0
D430042O09Rik 233865 4.7 5.6 Lbx2 16815 1.4 -5.8 R3hdm1 226412 1.1 2.1 Wars 22375 1.2 2.1
D430042O09Rik 233865 3.0 1.1 Lca5 75782 -1.1 -4.9 R74862 97423 1.0 -12.5 Was 22376 3.3 1.5
D430042O09Rik 233865 2.6 1.5 Lca5l 385668 -1.3 -9.8 Rab1 19324 -1.3 2.5 Was 22376 4.5 -1.1
D530014G21Rik 78717 1.4 -7.1 Lcat 16816 1.4 2.0 Rab10 19325 -3.8 -10.9 Wasf1 83767 1.2 -3.4
D5Ertd577e 320549 1.3 -3.0 Lce1a1 67127 2.5 1.6 Rab11a 53869 1.5 3.3 Wasf3 245880 -1.0 -46.7
D5Ertd579e 320661 -1.2 12.0 Lce1b 68720 1.3 -2.5 Rab11a 53869 -1.2 2.0 Wasl 73178 -14.2 -1.1
D630003M21Rik 228846 1.2 -5.3 Lce1g 66195 1.2 -3.0 Rab11fip1 75767 -1.2 5.2 Wasl 73178 -3.2 -2.1
D630033O11Rik 235302 1.1 -3.6 Lce1j 545547 1.0 -4.6 Rab11fip2 74998 -2.1 1.9 Wbp1 22377 -3.3 -1.6
D630039A03Rik 242484 -61.3 -2.4 Lce1j 545547 1.2 -3.1 Rab12 19328 -2.3 -1.2 Wbp11 60321 1.0 2.2
D630045M09Rik 432777 4.9 1.0 Lce1m 66203 -1.2 -10.0 Rab12 19328 12.7 2.7 Wbp4 22380 1.7 5.9
D6Wsu163e 28040 1.3 3.3 Lce3c 94060 -1.8 -6.7 Rab14 68365 -1.9 3.7 Wbp5 22381 -2.2 -1.5
D730001G18Rik 78725 -3.8 -1.1 Lce3c 94060 1.0 -2.0 Rab15 104886 -8.3 -7.2 Wbscr17 212996 1.4 -6.1
D730045B01Rik 77867 -1.7 -7.2 Lce3f 69520 1.7 -6.6 Rab18 19330 1.3 -2.3 Wbscr27 79565 -18.9 -4.8
D730045B01Rik 77867 -3.3 1.1 Lclat1 225010 1.0 6.2 Rab18 19330 7.5 1.0 Wbscr27 79565 -25.0 -11.2
D730050B12Rik 78446 1.2 -8.1 Lclat1 225010 2.9 2.6 Rab20 19332 1.8 3.6 Wbscr28 76629 1.2 -8.3
D7Ertd413e 52325 21.1 20.5 Lcmt1 30949 -1.0 2.0 Rab21 216344 2.4 2.7 Wdfy1 69368 2.0 2.4
D7Ertd443e 71007 -1.3 -7.6 Lcmt1 30949 1.9 8.3 Rab22a 19334 2.3 1.6 Wdfy1 69368 1.1 3.3
D7Ertd661e 52144 1.1 -3.8 Lcn10 332578 2.2 -2.5 Rab23 19335 -4.0 1.0 Wdfy1 69368 1.9 8.9
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D830015G02Rik 791403 1.0 -2.6 Lcn2 16819 8.1 76.4 Rab25 53868 -12.6 -8.8 Wdfy2 268752 2.0 1.2
D830026I12Rik 319682 -8.4 1.0 Lcn3 16820 -1.0 -2.3 Rab26 328778 6.4 -1.6 Wdfy3 72145 2.4 -1.3
D830030K20Rik 320333 -24.0 -5.6 Lcn8 78076 1.1 -4.5 Rab27a 11891 6.9 -1.3 Wdfy3 72145 1.3 2.1
D8Ertd82e 244418 -5.2 1.2 Lcn9 77704 -2.8 -19.9 Rab27b 80718 -22.6 -6.3 Wdfy4 545030 2.3 1.9
D930015E06Rik 229473 -1.2 2.8 Lcor 212391 -1.1 7.8 Rab27b 80718 -23.7 -9.1 Wdpcp 216560 -1.3 -3.5
D930020B18Rik 216393 1.3 -10.4 Lcor 212391 2.2 -2.3 Rab28 100972 1.1 3.3 Wdr12 57750 -2.3 -1.2
D930021H04Rik 399575 1.3 5.5 Lcor 212391 -1.1 2.4 Rab2a 59021 -2.6 -1.2 Wdr13 73447 3.3 -1.4
D930030D11Rik 320874 1.0 -2.1 Lcp1 18826 2.7 1.4 Rab30 75985 -3.7 1.5 Wdr16 71860 -2.0 -1.2
D930046H04Rik 319522 3.3 -6.7 Lcp1 18826 3.0 1.4 Rab31 106572 3.0 1.4 Wdr18 216156 4.7 1.7
D930048N14Rik 97775 -8.5 -1.0 Lcp2 16822 2.6 2.5 Rab32 67844 4.1 3.6 Wdr18 216156 3.1 1.0
Daam1 208846 -1.9 5.6 Lctl 235435 -2.7 -1.0 Rab33a 19337 2.1 -4.6 Wdr19 213081 -1.0 -8.2
Daam1 208846 -3.4 2.7 Ldb1 16825 -1.5 -3.3 Rab34 19376 -2.7 -2.5 Wdr20 69641 -2.1 2.9
Daam2 76441 1.0 -4.4 Ldb2 16826 -2.7 -1.7 Rab37 58222 1.3 -4.0 Wdr20 69641 -1.2 4.9
Dab1 13131 -1.8 -8.9 Ldb3 24131 -1.3 -7.8 Rab37 58222 -3.9 1.6 Wdr20rt 70948 1.1 -4.7
Dab1 13131 -5.2 -2.0 Ldb3 24131 -2.4 -5.8 Rab3b 69908 -3.8 1.4 Wdr24 268933 1.8 -2.0
Dab1 13131 -11.5 -1.3 Ldb3 24131 1.0 -10.8 Rab3b 69908 -5.2 1.0 Wdr25 212198 -1.7 -2.9
Dab2 13132 3.7 -1.0 Ldha 16828 1.5 2.3 Rab3gap2 98732 -4.1 3.3 Wdr26 226757 2.4 3.9
Dab2 13132 4.6 -1.0 Ldhal6b 106557 -4.1 -4.8 Rab3il1 74760 5.4 1.2 Wdr31 71354 -6.5 -1.2
Dab2ip 69601 -5.2 -2.0 Ldhb 16832 -7.2 -4.2 Rab3ip 216363 -2.2 -1.7 Wdr33 74320 -2.8 10.6
Dach1 13134 -1.4 -3.2 Ldhc 16833 1.0 -5.2 Rab3ip 216363 -5.2 4.2 Wdr33 74320 1.2 4.8
Dact2 240025 -1.4 -9.0 Ldlr 16835 1.3 -2.2 Rab40b 217371 -9.2 -1.0 Wdr34 71820 -1.8 -4.2
Dact2 240025 -12.1 -1.3 Ldlr 16835 -1.1 2.6 Rab40c 224624 -1.9 -2.0 Wdr37 207615 2.1 -1.1
Daf2 13137 1.0 -4.8 Ldlrad1 546840 4.0 -1.1 Rab42 242681 -12.0 -8.2 Wdr37 207615 4.7 1.8
Dag1 13138 -2.6 -1.9 Ldlrad3 241576 -2.9 1.1 Rab42 242681 -4.6 -1.5 Wdr43 72515 -1.3 9.3
Dag1 13138 -3.2 -1.0 Ldlrad4 52662 6.7 1.1 Rab43 69834 2.8 1.7 Wdr44 72404 2.1 1.9
Dagla 269060 34.1 1.0 Ldlrap1 100017 -1.4 3.6 Rab43 69834 2.1 1.9 Wdr45 54636 -2.2 1.3
Dalrd3 67789 -2.9 1.1 Lef1 16842 -7.3 -1.3 Rab4a 19341 -2.4 1.2 Wdr45b 66840 -3.8 5.5
Dalrd3 67789 -2.2 -1.6 Lefty1 13590 1.0 -3.9 Rab4b 19342 1.5 2.2 Wdr47 99512 -2.0 9.8
Dand5 23863 3.9 -9.6 Lefty2 320202 -1.0 -7.2 Rab5a 271457 1.9 3.6 Wdr48 67561 -1.2 2.0
Dao 13142 -1.1 -2.4 Lelp1 69332 -1.0 -3.0 Rab5a 271457 -1.3 3.6 Wdr53 68980 -1.3 4.4
Dap 223453 -3.5 -1.3 Lemd3 380664 -1.4 3.7 Rab5a 271457 -1.5 7.7 Wdr6 83669 -2.3 -1.4
Dap 223453 -3.4 -1.3 Lemd3 380664 2.4 1.6 Rab5c 19345 2.0 -1.1 Wdr60 217935 -2.5 -5.0
Dap3 65111 -6.3 2.2 Lenep 57275 1.1 9.9 Rab6b 270192 1.1 -3.1 Wdr60 217935 -3.1 -2.9
Dapk2 13143 -11.1 -6.7 Leng8 232798 1.6 2.6 Rab6b 270192 -2.0 -3.2 Wdr61 66317 -2.7 -1.2
Dapl1 76747 -3.9 -4.2 Leo1 235497 3.3 1.8 Rab8b 235442 4.9 3.8 Wdr61 66317 -20.1 -4.0
Dapp1 26377 2.2 3.6 Lepr 16847 -8.9 -4.5 Rab8b 235442 4.1 1.6 Wdr62 233064 2.3 1.1
Dars 226414 -2.3 1.4 Lepre1 56401 1.6 2.8 Rab8b 235442 4.9 1.8 Wdr62 233064 13.0 2.5
Daxx 13163 2.6 2.1 Leprel1 210530 -10.2 -8.8 Rabac1 14470 -2.2 -2.1 Wdr63 242253 1.2 -3.4
Dazl 13164 -1.8 -8.8 Leprel2 14789 -1.8 -2.4 Rabep1 54189 2.1 3.0 Wdr63 242253 1.3 -4.7
Dbf4 27214 9.5 6.3 Leprel4 66180 -4.3 -9.4 Rabepk 227746 3.3 10.8 Wdr64 75820 2.6 -3.5
Dbndd1 72185 -1.3 -6.0 Leprel4 66180 -3.1 -20.1 Rabepk 227746 -1.9 3.8 Wdr65 68625 -4.3 -6.9
Dbndd2 52840 -3.0 1.9 Leprot 230514 -2.1 -1.5 Rabgap1 227800 -4.2 1.1 Wdr66 269701 -2.0 -4.3
Dbp 13170 -3.9 -2.8 Leprotl1 68192 2.3 2.3 Rabgap1l 29809 -7.9 -1.1 Wdr7 104082 2.2 1.6
Dcaf12l1 245404 -17.7 -11.5 Leprotl1 68192 1.2 2.9 Rabgap1l 29809 -7.4 1.9 Wdr7 104082 1.1 -4.3
Dcaf12l2 245403 1.1 -2.4 Letm1 56384 -1.0 -5.3 Rabggta 56187 1.2 2.5 Wdr7 104082 2.6 1.1
Dcaf12l2 245403 -4.7 -1.2 Lfng 16848 3.2 1.7 Rabggtb 19352 1.1 2.2 Wdr70 545085 1.6 3.7
Dcaf13 223499 -1.0 2.9 Lfng 16848 2.1 1.5 Rabggtb 19352 3.3 19.7 Wdr70 545085 1.2 9.0
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Dcaf15 212123 1.8 2.1 Lgals2 107753 -17.2 -23.0 Rabif 98710 2.0 1.2 Wdr76 241627 -1.7 4.5
Dcaf4 73828 -2.5 1.3 Lgals4 16855 -2.8 -2.1 Rabl2 68708 -3.6 1.3 Wdr76 241627 1.4 3.9
Dcaf5 320808 2.4 2.8 Lgals4 16855 -6.7 1.0 Rabl3 67657 2.4 -1.8 Wdr78 242584 -1.9 -21.4
Dcaf6 74106 -3.5 1.2 Lgals7 16858 -5.2 -1.8 Rabl3 67657 1.0 6.5 Wdr81 192652 2.4 1.3
Dcaf7 71833 -2.5 -1.6 Lgals9 16859 4.9 2.1 Rabl6 227624 1.3 4.9 Wdr90 106618 1.7 5.4
Dcaf8 98193 -2.1 -1.3 Lgi3 213469 -1.9 -3.1 Rabl6 227624 -1.3 3.9 Wdr92 103784 1.1 2.4
Dcaf8 98193 -1.2 2.7 Lgi4 243914 -4.4 1.2 Rac2 19354 2.2 1.2 Wdr96 100048534 -3.2 -1.5
Dcbld1 66686 2.0 -10.4 Lgi4 243914 -5.6 -5.4 Rac2 19354 3.6 1.7 Wdr96 100048534 -2.7 -1.6
Dcdc2a 195208 1.2 -4.9 Lgmn 19141 5.1 1.5 Rac3 170758 4.5 1.3 Wdr96 100048534 -7.0 -1.2
Dchs1 233651 1.3 -10.5 Lgr4 107515 -8.5 1.2 Racgap1 26934 2.1 -1.5 Wdyhv1 76773 1.2 2.2
Dchs1 233651 3.4 -1.6 Lgr4 107515 -4.1 -4.1 Rad17 19356 2.7 3.1 Wfdc1 67866 -9.5 -17.4
Dck 13178 2.1 1.7 Lgr4 107515 -11.1 -6.0 Rad18 58186 1.6 -9.8 Wfdc12 192200 -1.1 -3.6
Dck 13178 7.2 4.3 Lgr6 329252 1.3 2.8 Rad18 58186 1.3 2.8 Wfdc15b 192201 -14.9 -14.7
Dck 13178 3.0 9.2 Lhfpl1 237091 -1.0 -2.0 Rad50 19360 -5.8 2.1 Wfdc2 67701 -3.2 -2.9
Dclk1 13175 2.6 10.3 Lhfpl2 218454 1.3 4.7 Rad51b 19363 -1.2 -5.3 Wfdc3 71856 -2.0 -5.5
Dclk1 13175 -2.9 -1.2 Lhfpl4 269788 -12.5 -1.2 Rad51c 114714 3.4 3.8 Wfdc5 209232 2.2 -7.0
Dclk3 245038 1.1 -2.6 Lhx1 16869 2.6 -6.6 Rad51d 19364 3.7 -4.6 Wfdc6a 209351 1.1 -26.4
Dclre1c 227525 2.4 -1.0 Lhx2 16870 1.1 -10.7 Rad51d 19364 -2.7 -1.5 Wfikkn2 278507 2.3 -2.1
Dcn 13179 -2.9 -3.8 Lhx3 16871 1.6 -4.6 Rad51d 19364 -1.1 -2.8 Wfikkn2 278507 -1.1 -2.9
Dcp1a 75901 2.9 1.1 Lhx4 16872 2.2 1.3 Rad54b 623474 3.5 -2.4 Wfikkn2 278507 -5.0 -14.1
Dcp1b 319618 1.2 2.7 Lias 79464 -2.0 5.2 Rad54l 19366 -4.0 -2.6 Whamm 434204 1.2 2.9
Dcp2 70640 2.1 1.3 Lig1 16881 -1.1 -2.4 Rad54l2 81000 4.1 -1.6 Whrn 73750 -2.5 -32.0
Dcp2 70640 2.2 2.0 Lilra5 232801 1.1 -2.8 Radil 231858 1.2 -2.7 Whrn 73750 -5.7 -1.5
Dcps 69305 1.1 -10.0 Lilra6 18726 5.6 2.0 Raet1a 19368 -5.0 -1.5 Whsc1 107823 1.9 5.2
Dcst2 329702 -8.2 -25.1 Lilra6 18726 4.0 3.7 Raet1a 19368 -3.0 4.8 Whsc1 107823 4.2 1.1
Dct 13190 -1.0 -2.4 Lilrb4 14728 13.5 3.2 Raet1e 379043 -24.2 1.1 Whsc1 107823 1.5 6.3
Dctd 320685 -3.0 -1.5 Lim2 233187 1.1 -2.1 Raf1 110157 1.4 2.9 Whsc1 107823 6.2 2.3
Dctn2 69654 2.4 1.5 Lima1 65970 -3.6 -1.7 Raf1 110157 3.0 1.8 Whsc1 107823 4.5 2.4
Dctn4 67665 1.6 6.0 Lima1 65970 -3.9 -1.2 Raf1 110157 4.9 21.9 Whsc1 107823 2.1 5.8
Dctn5 59288 2.0 -2.0 Limch1 77569 -7.3 -2.0 Rai1 19377 -2.4 1.1 Whsc1l1 234135 -1.1 -3.7
Dcun1d1 114893 -1.5 2.9 Limd2 67803 2.0 -5.3 Rai14 75646 1.4 16.8 Wipf1 215280 3.1 5.1
Dcun1d2 102323 -1.9 -2.1 Limd2 67803 2.2 1.3 Rai14 75646 2.3 4.1 Wipf1 215280 3.6 3.3
Dcun1d2 102323 -1.1 2.4 Limk2 16886 -3.9 2.2 Rai14 75646 7.3 11.2 Wipf2 68524 -3.8 1.3
Dcun1d4 100737 -6.7 2.7 Limk2 16886 -6.6 -11.1 Rai14 75646 2.0 12.6 Wipf3 330319 1.2 -3.0
Dcun1d4 100737 -3.5 2.1 Lims1 110829 1.2 2.7 Rai14 75646 1.3 4.0 Wipi1 52639 -3.2 2.6
Dcun1d5 76863 -1.0 2.2 Lims2 225341 -9.0 -2.5 Rala 56044 2.4 6.7 Wipi1 52639 -3.3 -1.9
Dcx 13193 1.1 -4.0 Lin28b 380669 -9.2 -12.9 Ralgapa1 56784 -1.7 4.9 Wipi2 74781 -5.3 -1.3
Dcx 13193 2.2 -2.8 Lin52 217708 4.1 1.7 Ralgapa2 241694 -3.0 2.2 Wisp1 22402 1.7 -3.6
Ddah1 69219 2.9 -4.4 Lin54 231506 -1.3 9.9 Ralgapa2 241694 -3.4 1.2 Wisp3 327743 -1.6 -4.0
Ddah2 51793 -1.5 -2.3 Lin7a 108030 1.4 -9.6 Ralgapa2 241694 -2.5 4.5 Wiz 22404 1.2 8.5
Ddc 13195 1.6 -4.2 Lin7b 22342 2.5 -12.1 Ralgapb 228850 2.6 1.3 Wls 68151 -1.5 2.9
Ddhd1 114874 3.1 -8.8 Lin7c 22343 -1.3 3.0 Ralgps1 241308 -1.6 2.6 Wnk1 232341 1.1 2.6
Ddhd1 114874 3.2 7.1 Lin9 72568 -1.0 -2.4 Ramp2 54409 -4.4 -4.0 Wnk2 75607 1.2 -5.8
Ddhd1 114874 2.3 2.9 Lingo2 242384 1.0 -3.6 Ramp3 56089 2.2 -5.8 Wnk4 69847 -18.9 -9.5
Ddhd2 72108 1.9 3.3 Lingo3 237403 -1.2 -22.3 Ranbp17 66011 -1.0 -2.3 Wnt1 22408 2.7 -18.3
Ddi2 68817 -1.2 5.8 Lingo4 320747 1.3 -8.1 Ranbp17 66011 -3.0 1.0 Wnt10a 22409 -11.3 -3.2
Ddn 13199 1.1 -2.3 Lins 72635 1.3 2.3 Ranbp17 66011 -3.1 -4.1 Wnt11 22411 1.6 -2.2
244
Ddo 70503 -2.2 -2.7 Lipa 16889 2.2 -1.2 Ranbp2 19386 1.7 4.8 Wnt2b 22414 -3.5 -3.2
Ddo 70503 1.0 -4.1 Lipa 16889 6.2 3.2 Ranbp3 71810 2.7 1.5 Wnt4 22417 -3.1 -5.0
Ddx10 77591 1.3 10.8 Lipc 15450 2.2 -2.4 Ranbp6 240614 -1.1 6.0 Wnt5a 22418 -16.2 -4.5
Ddx10 77591 6.4 1.5 Lipe 16890 2.0 1.7 Rangap1 19387 1.1 2.1 Wnt5a 22418 -40.9 -6.3
Ddx19a 13680 1.4 2.7 Liph 239759 -3.8 -8.7 Rangrf 57785 -3.1 1.4 Wnt5b 22419 1.3 -5.6
Ddx19b 234733 -1.7 -2.7 Liph 239759 -12.7 -1.8 Rap1a 109905 2.4 1.9 Wnt6 22420 2.0 -7.4
Ddx21 56200 1.4 2.2 Lipm 78753 1.0 -2.2 Rap1a 109905 3.7 1.7 Wnt6 22420 1.3 -4.0
Ddx21 56200 1.3 2.6 Lipo1 381236 2.2 4.3 Rap1a 109905 3.3 9.0 Wnt7a 22421 -1.6 -3.5
Ddx23 74351 1.4 4.7 Litaf 56722 3.0 2.1 Rap1b 215449 2.8 5.1 Wnt7b 22422 -5.3 -4.8
Ddx23 74351 2.1 1.8 Litaf 56722 3.8 1.8 Rap1gap 110351 -2.2 -6.2 Wnt8b 22423 1.6 -3.8
Ddx25 30959 2.7 -4.0 Lkaaear1 277496 1.2 -18.6 Rap1gap 110351 -14.8 -3.7 Wnt9a 216795 -2.4 -1.5
Ddx26b 236790 3.0 2.0 Llgl1 16897 1.9 -2.1 Rap1gap2 380711 2.6 3.3 Wnt9a 216795 1.7 -6.9
Ddx27 228889 -1.4 4.6 Llgl2 217325 -2.8 -2.3 Rap1gap2 380711 1.7 4.5 Wnt9b 22412 -1.1 -9.9
Ddx27 228889 1.8 -11.9 Lman1 70361 -6.9 1.7 Rap2a 76108 6.9 13.1 Wrap73 59002 3.0 4.0
Ddx28 71986 15.2 11.2 Lman1 70361 1.2 9.8 Rap2a 76108 3.4 7.6 Wrap73 59002 7.5 3.6
Ddx4 13206 1.1 4.3 Lman1l 235416 2.7 -3.1 Rap2b 74012 2.6 1.4 Wrn 22427 -1.8 3.6
Ddx43 100048658 -5.6 -1.0 Lmbr1 56873 -6.6 -4.2 Rap2b 74012 1.0 6.1 Wrn 22427 -2.1 2.1
Ddx46 212880 1.3 2.4 Lmbr1 56873 -2.4 1.0 Rap2c 72065 3.1 12.3 Wrn 22427 -2.8 9.5
Ddx46 212880 2.4 3.5 Lmbr1 56873 -5.3 -1.5 Rapgef1 107746 2.2 1.2 Wrnip1 78903 -2.1 3.1
Ddx50 94213 1.2 3.0 Lmbr1 56873 -5.7 -3.0 Rapgef2 76089 2.7 2.3 Wrnip1 78903 -1.7 3.6
Ddx51 69663 -1.5 3.2 Lmbr1 56873 -1.0 -2.7 Rapgef2 76089 3.0 14.6 Wsb1 78889 2.4 1.4
Ddx54 71990 1.6 2.2 Lmcd1 30937 -3.9 1.1 Rapgef3 223864 -2.0 -3.8 Wsb2 59043 2.4 2.4
Ddx55 67848 1.1 3.0 Lmf2 105847 3.9 1.9 Rapgef4 56508 -2.1 2.1 Wscd2 320916 2.8 -9.6
Ddx56 52513 -2.3 2.0 Lmnb1 16906 5.9 2.8 Rapgef5 217944 -8.6 2.2 Wscd2 320916 1.0 -6.9
Ddx58 230073 3.2 2.7 Lmnb2 16907 1.2 3.8 Rapgef6 192786 -1.4 3.0 Wscd2 320916 -2.4 -32.3
Ddx58 230073 3.4 3.9 Lmnb2 16907 10.8 -2.4 Rapgef6 192786 3.1 7.0 Wt1 22431 -3.5 -1.4
Ddx58 230073 4.4 17.6 Lmo1 109594 -15.6 -9.5 Rapgef6 192786 2.4 6.0 Wtap 60532 -5.7 -1.6
Ddx59 67997 -2.3 -2.6 Lmo7 380928 -10.3 -1.7 Rapgefl1 268480 -10.8 -9.0 Wwc1 211652 -5.7 -2.9
Ddx59 67997 7.7 -2.0 Lmo7 380928 -19.9 -1.6 Rapsn 19400 -1.5 -3.0 Wwc2 52357 -1.1 -2.4
Decr1 67460 -11.5 4.7 Lmo7 380928 -2.8 1.0 Rara 19401 3.4 2.1 Wwp2 66894 2.0 -1.9
Decr1 67460 1.1 2.1 Lmo7 380928 -4.9 -1.2 Rarb 218772 -4.3 -4.3 Wwtr1 97064 -7.4 -9.3
Decr2 26378 -4.0 1.3 Lmo7 380928 -9.2 -8.1 Rarb 218772 -10.5 -1.3 Wwtr1 97064 -44.4 -1.8
Dedd 21945 1.6 2.6 Lmtk2 231876 -4.1 1.0 Rarg 19411 -2.2 1.2 Xaf1 327959 3.2 1.4
Dedd2 67379 -3.5 -1.1 Lmx1a 110648 1.5 2.0 Rarres2 71660 -2.3 -2.0 Xcr1 23832 5.6 4.8
Def6 23853 1.9 -5.8 Lmx1b 16917 -1.3 -4.5 Rars 104458 -1.2 7.0 Xdh 22436 -2.2 1.4
Defa20 68009 1.4 -4.9 Lnp 69605 -2.4 2.7 Rasa3 19414 -1.6 5.9 Xdh 22436 -2.3 1.3
Defa21 66298 -5.4 -1.4 Lnp 69605 -2.5 2.6 Rasa4 54153 2.5 -1.1 Xiap 11798 1.9 3.6
Defa22 382059 -1.6 -4.7 Lnpep 240028 1.3 2.3 Rasal1 19415 2.5 -11.9 Xiap 11798 1.5 11.3
Defa3 13237 -1.2 -7.0 Lnpep 240028 1.7 3.9 Rasal2 226525 -2.6 -1.4 Xiap 11798 1.7 4.2
Defa3 13237 -1.2 -8.4 Lnpep 240028 2.7 3.0 Rasal3 320484 2.5 -1.6 Xirp1 22437 2.1 -4.5
Defa4 13238 1.5 -7.0 Lnx1 16924 -2.0 -1.9 Rasgef1a 70727 1.8 -10.7 Xist 213742 -1.4 2.2
Defa-rs7 13226 1.3 -7.2 Lnx1 16924 -3.4 -3.8 Rasgef1a 70727 1.6 2.3 Xist 213742 -1.3 2.9
Defb1 13214 -32.8 -7.2 Lnx1 16924 -7.6 1.5 Rasgef1b 320292 3.5 2.6 Xk 22439 -5.9 -3.3
Defb1 13214 -28.1 -8.5 Lnx2 140887 1.6 -4.2 Rasgrf1 19417 1.1 -2.1 Xk 22439 -4.6 1.1
Defb10 246085 1.2 -2.6 Lnx2 140887 1.1 3.1 Rasgrf1 19417 -11.6 -2.0 Xk 22439 -3.1 1.4
Defb11 246081 1.2 -9.4 LOC10004331500043315 -1.5 -14.2 Rasgrf1 19417 3.3 14.7 Xkr5 319581 2.3 -5.8
Defb13 246083 -2.7 -4.5 LOC100048185100048185 1.2 2.1 Rasgrf2 19418 5.9 2.5 Xkr8 381560 1.0 -4.2
245
Defb19 246700 1.7 -8.2 LOC100049077100049077 2.2 -1.5 Rasgrp1 19419 7.9 2.0 Xlr 22441 3.4 -17.6
Defb19 246700 1.0 -3.5 LOC100502592100502592 1.5 -5.0 Rasgrp1 19419 15.7 1.9 Xlr4a 434794 6.8 3.1
Defb22 442835 1.0 -18.1 LOC100503676100503676 -7.2 -1.4 Rasgrp2 19395 2.6 1.3 Xlr4b 27083 3.4 2.0
Defb34 360211 -1.2 -7.1 LOC101055707101055707 7.1 3.5 Rasgrp4 233046 3.0 1.0 Xlr4b 27083 5.2 6.1
Defb38 360212 2.4 -3.0 LOC101055802101055802 -3.3 -1.4 Rasgrp4 233046 4.4 1.1 Xlr5a 574438 -2.1 -1.2
Defb39 360214 -1.3 -3.3 LOC1010558901 1055890 -2.1 -1.1 Rasip1 69903 2.0 2.0 Xpnpep2 170745 1.3 2.1
Defb41 77673 1.0 -6.4 LOC101055928101055928 -2.0 3.1 Rasl10a 75668 -2.8 5.9 Xpo1 103573 -1.2 3.5
Defb9 246079 1.8 -7.5 LOC101055993101055993 -1.1 2.9 Rasl10b 276952 -1.2 -3.2 Xpo4 57258 13.4 1.0
Degs1 13244 3.4 1.6 LOC102631757102631757 1.4 -4.5 Rasl11b 68939 -22.7 -11.7 Xpo5 72322 1.8 4.1
Degs2 70059 -9.4 -3.6 LOC102631971102631971 1.0 -2.3 Rasl12 70784 -1.1 -5.6 Xpr1 19775 -1.1 3.0
Dennd1a 227801 1.3 4.4 LOC102632152102632152 -1.0 -16.0 Rassf1 56289 1.1 2.3 Xrcc2 57434 -16.5 -1.1
Dennd1b 329260 2.0 1.5 LOC102632208102632208 1.6 -10.1 Rassf10 78748 1.3 -2.3 Xrcc3 74335 2.0 2.7
Dennd1b 329260 1.7 7.1 LOC102632383102632383 -2.1 -1.0 Rassf2 215653 5.6 1.7 Xrcc4 108138 -1.7 2.4
Dennd1c 70785 2.3 1.2 LOC102632734102632734 2.2 -3.9 Rassf2 215653 7.4 2.1 Xrcc5 22596 -5.8 -1.9
Dennd2a 209773 1.3 3.1 LOC102632976102632976 1.6 -2.3 Rassf4 213391 2.5 1.7 Xrcc6 14375 -4.9 1.6
Dennd2c 329727 -3.3 -8.5 LOC102633006102633006 -2.0 1.0 Rassf4 213391 3.0 1.3 Xrcc6bp1 68876 -6.3 1.2
Dennd2d 72121 -5.5 -1.4 LOC102633207102633207 -2.3 -1.1 Rassf4 213391 3.7 1.2 Xrn1 24127 -1.6 5.6
Dennd2d 72121 -1.5 -3.3 LOC10263331202633312 1.0 -2.4 Rassf4 213391 3.3 1.6 Xrn1 24127 -2.9 -4.7
Dennd3 105841 1.5 -4.5 LOC1026336501 2633650 1.1 -6.0 Rassf4 213391 2.6 1.3 Xrn1 24127 2.2 2.7
Dennd4a 102442 121.2 24.6 LOC102633667102633667 -1.6 -2.4 Rassf4 213391 4.2 3.6 Xrn2 24128 1.4 2.8
Dennd4a 102442 2.1 1.3 LOC102633877102633877 2.1 2.7 Rassf6 73246 -14.2 1.1 Xrra1 446101 -1.0 -2.3
Dennd4b 229541 7.8 3.0 LOC102633932102633932 1.2 -8.8 Rassf7 66985 -5.0 -2.7 Xylt1 233781 1.4 -4.0
Dennd4b 229541 3.4 2.7 LOC102634004102634004 -1.1 -8.4 Rassf8 71323 -1.4 2.2 Xylt2 217119 2.1 -1.4
Dennd4c 329877 -1.8 3.3 LOC102634096102634096 1.1 -3.5 Rassf9 237504 -5.3 -8.8 Yae1d1 67008 -1.7 2.8
Dennd4c 329877 -1.0 3.0 LOC102634225102634225 -1.3 -3.0 Raver1 71766 4.3 1.7 Yaf2 67057 -1.6 2.3
Dennd5a 19347 4.4 1.7 LOC102634296102634296 1.3 -4.8 Rax 19434 -1.4 -5.1 Yap1 22601 -5.0 1.7
Dennd5a 19347 3.2 -1.1 LOC1026351601 2635160 1.2 -11.9 Rb1 19645 2.6 2.8 Yars2 70120 2.7 9.8
Dennd5b 320560 -7.2 -1.2 LOC102635301102635301 1.8 -3.3 Rb1 19645 2.2 2.4 Ydjc 69101 -1.5 -2.4
Dennd5b 320560 -20.3 -1.9 LOC102635489102635489 1.1 -2.7 Rb1cc1 12421 2.5 2.0 Yeats2 208146 -4.6 -9.6
Dennd5b 320560 -2.2 1.0 LOC102635544102635544 5.0 20.6 Rb1cc1 12421 2.5 1.4 Yipf2 74766 -1.4 -2.3
Dennd6b 69440 1.4 -10.2 LOC102635561102635561 -1.3 6.3 Rbak 57782 1.0 6.5 Yipf5 67180 -1.2 2.3
Dennd6b 69440 -2.6 1.3 LOC102635566102635566 2.5 -19.9 Rbbp6 19647 1.4 2.3 Yipf6 77929 -1.5 2.1
Dep1 170624 5.0 3.3 LOC102635676102635676 -2.0 13.2 Rbbp6 19647 1.9 5.0 Yipf6 77929 -1.8 2.9
Depdc5 277854 7.9 2.7 LOC102635707102635707 1.3 2.9 Rbbp7 245688 -3.3 1.1 Yipf7 75581 -5.0 -5.3
Depdc7 211896 -1.6 5.3 LOC1026357601 2635760 -4.3 1.3 Rbbp8nl 271887 -21.3 -3.5 Yipf7 75581 -1.0 -7.0
Dera 232449 2.9 6.4 LOC10263591202635912 1.3 6.1 Rbbp9 26450 -3.0 -1.7 Yjefn3 234365 1.2 -6.7
Derl3 70377 -4.0 -16.1 LOC102636154102636154 -3.5 -12.8 Rbbp9 26450 -2.8 -2.4 Ylpm1 56531 -2.8 4.7
Des 13346 -3.7 -5.7 LOC102636193102636193 -2.1 -12.2 Rbfox2 93686 -5.9 -2.1 Ylpm1 56531 1.5 4.1
Desi2 78825 3.8 2.2 LOC102636203102636203 -4.0 -6.0 Rbfox3 52897 -1.4 -5.8 Ylpm1 56531 -2.5 -1.4
Dffa 13347 -2.9 -1.9 LOC102636448102636448 -2.2 -1.4 Rbfox3 52897 -2.3 -4.9 Ypel1 106369 8.9 1.1
Dffb 13368 -2.8 1.1 LOC102636509102636509 1.1 -3.1 Rbks 71336 1.1 2.5 Ypel1 106369 -11.9 4.9
Dfna5 54722 1.5 3.6 LOC102637001102637001 1.0 -2.6 Rbl1 19650 -4.2 -1.3 Ypel5 383295 -1.5 3.3
Dgat1 13350 2.8 2.4 LOC102637122102637122 1.4 -10.1 Rbl2 19651 -1.4 3.4 Yrdc 230734 -1.3 2.4
Dgat1 13350 1.9 5.1 LOC102637286102637286 4.2 -7.5 Rbm12 75710 1.7 2.6 Yrdc 230734 -1.0 2.5
Dgcr2 13356 1.2 -2.4 LOC10263731702637317 1.8 -2.3 Rbm12b1 72397 79.4 1.6 Ythdc1 231386 1.5 5.0
Dgcr2 13356 1.1 7.8 LOC1026374001 2637400 -3.7 1.1 Rbm12b2 77604 -2.4 7.2 Ythdf1 228994 -1.0 2.4
Dgcr6 13353 -2.7 -2.1 LOC10263751302637513 1.1 2.9 Rbm14 56275 -1.0 2.9 Ythdf3 229096 1.1 4.2
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Dgcr8 94223 2.1 4.1 LOC102637542102637542 -2.0 -1.2 Rbm15 229700 1.7 2.9 Ythdf3 229096 1.1 3.7
Dgkd 227333 2.8 1.3 LOC102637676102637676 11.9 -1.4 Rbm15b 109095 -1.6 5.1 Ywhae 22627 1.3 2.2
Dgke 56077 -3.3 2.6 LOC102637693102637693 -6.2 1.3 Rbm18 67889 2.1 2.8 Ywhag 22628 2.1 1.4
Dgkeos 414094 1.0 -18.4 LOC102637942102637942 -3.1 -2.1 Rbm19 74111 5.9 2.0 Yy1 22632 -2.1 5.0
Dgkg 110197 -1.1 8.6 LOC102638165102638165 1.1 -7.5 Rbm22 66810 1.2 10.6 Zadh2 225791 -3.7 -1.6
Dgkg 110197 -2.1 1.1 LOC102638292102638292 -1.1 -3.9 Rbm24 666794 2.1 -2.8 Zbbx 213234 1.0 -4.3
Dgkq 110524 1.3 2.5 LOC102638661102638661 1.0 -4.9 Rbm25 67039 1.3 2.1 Zbed4 223773 7.5 2.7
Dgkz 104418 3.3 1.7 LOC10263881202638812 -4.8 -1.4 Rbm25 67039 1.8 2.2 Zbed4 223773 -1.6 4.5
Dguok 27369 -1.6 2.0 LOC102638889102638889 -13.0 -1.3 Rbm25 67039 -1.2 5.6 Zbp1 58203 9.1 2.8
Dguok 27369 -2.4 -2.0 LOC102639102102639102 -1.1 -10.5 Rbm25 67039 -1.1 2.5 Zbtb1 268564 1.8 5.7
Dhcr24 74754 -3.0 -1.7 LOC102639105102639105 2.6 1.4 Rbm26 74213 -1.3 2.2 Zbtb10 229055 -5.0 1.0
Dhdds 67422 2.1 1.5 LOC1026391201 2639120 -1.4 -4.4 Rbm27 225432 1.1 4.1 Zbtb10 229055 -2.8 -1.4
Dhdds 67422 2.2 -2.3 LOC102639193102639193 1.1 -5.0 Rbm27 225432 -1.1 2.7 Zbtb10 229055 -11.4 1.2
Dhfr 13361 -1.5 -2.5 LOC102639273102639273 -7.9 -1.3 Rbm28 68272 1.3 2.0 Zbtb11 271377 1.5 3.3
Dhfr 13361 1.2 -12.8 LOC102639435102639435 -2.7 1.0 Rbm28 68272 -1.0 2.8 Zbtb11 271377 3.8 -1.2
Dhodh 56749 1.3 2.6 LOC102639438102639438 -1.0 -3.9 Rbm28 68272 -2.0 7.0 Zbtb24 268294 -1.1 2.4
Dhps 330817 1.3 2.0 LOC102639543102639543 6.2 3.0 Rbm3 19652 2.0 2.0 Zbtb26 320633 -4.4 1.2
Dhrs13 70451 1.0 -5.3 LOC102639543102639543 5.3 7.6 Rbm31y 74484 1.0 -2.2 Zbtb33 56805 1.1 5.8
Dhrs3 20148 -2.8 -1.9 LOC102639606102639606 1.1 -3.1 Rbm33 381626 -2.1 5.5 Zbtb34 241311 2.5 6.2
Dhrs3 20148 -2.9 -1.7 LOC102639845102639845 3.7 1.7 Rbm34 52202 3.5 -1.5 Zbtb38 245007 1.3 -2.0
Dhrs4 28200 -2.0 -3.7 LOC102640088102640088 -1.0 -7.4 Rbm38 56190 4.8 1.1 Zbtb4 75580 -2.4 -1.7
Dhrs7 66375 -1.5 -2.7 LOC102640095102640095 -2.3 -5.2 Rbm39 170791 9.0 2.9 Zbtb4 75580 -2.4 -1.9
Dhrs7c 68460 1.4 -2.3 LOC102640368102640368 -14.1 -1.4 Rbm39 170791 2.2 2.0 Zbtb40 230848 1.7 8.6
Dhrs9 241452 4.3 5.1 LOC102640477102640477 -2.1 -1.0 Rbm43 71684 1.8 2.5 Zbtb40 230848 2.9 -1.1
Dhrs9 241452 9.1 9.3 LOC102640544102640544 1.0 -11.6 Rbm46 633285 2.1 -4.4 Zbtb42 382639 1.0 -2.6
Dhrsx 236082 2.4 -1.5 LOC102640779102640779 -4.2 -3.6 Rbm47 245945 -1.5 2.3 Zbtb43 71834 -1.2 2.0
Dhx15 13204 -1.7 2.0 LOC10264081102640811 1.1 -5.3 Rbm47 245945 -1.3 5.2 Zbtb45 232879 1.3 2.4
Dhx16 69192 1.2 2.9 LOC102640879102640879 2.7 -4.3 Rbm48 269623 1.4 3.3 Zbtb46 72147 -1.2 2.9
Dhx29 218629 -1.1 3.2 LOC102640974102640974 3.6 6.2 Rbm48 269623 4.4 2.1 Zbtb48 100090 -1.2 6.8
Dhx29 218629 -2.1 1.2 LOC102641346102641346 3.1 2.3 Rbm4b 66704 -1.6 5.2 Zbtb6 241322 -2.1 -1.9
Dhx32 101437 -2.3 -3.1 LOC10264161902641619 1.4 -2.9 Rbm4b 66704 -1.9 4.7 Zbtb6 241322 -1.9 8.5
Dhx33 216877 -1.8 5.1 LOC102641859102641859 -2.4 1.0 Rbm6 19654 4.0 3.0 Zbtb6 241322 1.0 3.9
Dhx33 216877 1.3 2.7 LOC102641859102641859 1.3 -5.7 Rbms1 56878 2.4 1.7 Zbtb7a 16969 1.0 2.2
Dhx34 71723 2.3 -1.1 LOC10264211702642117 1.6 -3.5 Rbms2 56516 -1.1 -4.2 Zbtb7b 22724 3.0 3.2
Dhx34 71723 2.1 1.1 LOC102642189102642189 1.4 2.0 Rbms3 207181 -19.7 -6.6 Zbtb9 474156 -1.0 4.8
Dhx34 71723 2.1 -1.3 LOC102642336102642336 -22.2 -1.5 Rbms3 207181 -10.3 -11.7 Zc2hc1a 67306 -3.1 3.4
Dhx36 72162 -1.2 2.1 LOC102642487102642487 -1.9 5.0 Rbmx 19655 -1.1 2.6 Zc2hc1a 67306 -3.6 1.1
Dhx36 72162 2.4 6.4 LOC10264261302642613 1.2 -13.8 Rbp1 19659 1.2 -3.0 Zc2hc1c 72350 -5.9 1.5
Dhx37 208144 3.1 1.2 LOC102642673102642673 1.9 -11.3 Rbp2 19660 2.0 -3.3 Zc2hc1c 72350 -10.2 -2.2
Dhx38 64340 3.3 1.5 LOC433461 433461 1.0 -2.5 Rbp2 19660 1.8 -2.4 Zc3h10 103284 -1.3 -5.9
Dhx38 64340 2.4 1.1 LOC552906 552906 -1.8 3.1 Rbp3 19661 -1.0 -3.3 Zc3h12a 230738 5.2 15.0
Dhx40 67487 -6.7 4.0 Lonp2 66887 -3.1 -1.1 Rbp7 63954 -4.7 -6.8 Zc3h12c 244871 10.1 8.6
Dhx57 106794 -1.6 2.4 Lonp2 66887 -2.6 1.0 Rbp7 63954 -2.0 -18.4 Zc3h12d 237256 1.0 4.0
Dhx58 80861 5.5 3.0 Lonrf2 381338 -5.0 -1.2 Rbpj 19664 4.6 3.9 Zc3h13 67302 2.9 2.6
Dhx8 217207 2.2 -4.2 Lor 16939 1.1 -8.2 Rbpjl 19668 1.8 -6.5 Zc3h15 69082 -1.2 2.8
Dhx8 217207 2.9 5.5 Loxhd1 240411 1.5 -3.9 Rbpms 19663 1.2 4.7 Zc3h3 223642 2.6 1.4
Diablo 66593 1.2 3.0 Loxl2 94352 2.1 1.7 Rbpms 19663 -2.6 -1.1 Zc3h6 78751 -2.3 1.1
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Diap1 13367 1.0 3.4 Loxl4 67573 -1.0 -8.3 Rbpms 19663 -2.3 4.6 Zc3h6 78751 -2.3 1.2
Diap2 54004 1.5 3.5 Lpar1 14745 -2.9 -2.3 Rc3h2 319817 1.8 3.5 Zc3h7a 106205 1.1 2.1
Diap2 54004 1.6 2.6 Lpar2 53978 -2.8 -1.4 Rc3h2 319817 1.1 11.5 Zc3h7a 106205 2.2 3.9
Diap2 54004 3.2 8.1 Lpar3 65086 -5.9 -2.3 Rcan1 54720 1.8 3.5 Zc3hav1 78781 2.8 2.3
Diap2 54004 1.1 3.6 Lpar4 78134 -3.9 -1.8 Rcan1 54720 3.1 3.6 Zc3hav1 78781 2.4 1.1
Diap3 56419 5.2 -10.7 Lpar4 78134 -4.9 -13.5 Rcan2 53901 1.0 -11.3 Zc3hav1l 209032 -2.5 -3.2
Dicer1 192119 -1.7 5.2 Lpar5 381810 1.1 -4.0 Rcan3 53902 -1.3 2.1 Zc3hc1 232679 9.2 3.8
Dido1 23856 1.3 3.3 Lpar6 67168 2.2 1.7 Rcbtb1 71330 1.2 3.6 Zcchc10 67966 1.3 2.1
Dido1 23856 3.0 1.1 Lpar6 67168 2.1 2.0 Rcbtb1 71330 1.0 2.2 Zcchc11 230594 1.3 3.0
Dido1 23856 2.0 1.1 Lpcat1 210992 3.8 4.0 Rcbtb2 105670 3.2 2.4 Zcchc13 75064 -1.5 -7.2
Diexf 215193 2.5 1.1 Lpcat2 270084 7.3 9.9 Rcbtb2 105670 4.3 1.8 Zcchc18 66995 -1.0 -8.5
Diexf 215193 1.4 3.1 Lpcat2b 70902 1.1 -5.4 Rcc2 108911 2.1 1.8 Zcchc2 227449 1.6 3.6
Dimt1 66254 1.9 3.3 Lpgat1 226856 -1.4 3.8 Rccd1 269955 2.8 2.8 Zcchc4 78796 -1.7 6.9
Dio1 13370 -1.4 -17.9 Lphn1 330814 -1.6 -7.1 Rchy1 68098 -2.5 1.2 Zcchc6 214290 5.9 2.0
Dio2 13371 -2.2 -22.5 Lphn1 330814 -1.9 -4.7 Rcl1 59028 5.4 2.3 Zcchc7 319885 -2.3 6.2
Dio3os 353504 -8.3 -13.0 Lphn2 99633 -7.7 -3.2 Rcn1 19672 -4.5 -3.7 Zcchc8 70650 1.0 2.6
Dip2a 64451 5.8 3.7 Lphn3 319387 -2.8 1.0 Rcn3 52377 1.2 -2.9 Zcchc9 69085 1.4 4.4
Dip2b 239667 1.9 9.3 Lpin1 14245 -2.6 -1.9 Rcor1 217864 -1.0 2.2 Zdbf2 73884 2.0 -2.0
Diras1 208666 -1.0 -10.4 Lpin2 64898 2.0 2.7 Rcor1 217864 -1.0 2.7 Zdhhc1 70796 -2.7 -1.1
Dirc2 224132 -2.0 -3.1 Lpin2 64898 1.7 6.2 Rcor2 104383 -2.8 -1.2 Zdhhc11 71164 1.0 -8.1
Dirc2 224132 5.1 1.6 Lpin2 64898 -1.8 5.5 Rcsd1 226594 2.1 -1.0 Zdhhc13 243983 -2.0 2.1
Dis3 72662 2.1 1.7 Lpin3 64899 -5.2 -6.4 Rcsd1 226594 2.6 1.3 Zdhhc14 224454 -1.6 -2.7
Dis3 72662 1.0 8.6 Lpp 210126 -3.4 -1.2 Rd3 74023 1.1 -6.2 Zdhhc15 108672 -4.4 1.3
Dis3l 213550 1.4 5.3 Lpp 210126 -1.6 2.1 Rdh1 107605 1.0 -4.2 Zdhhc15 108672 -2.1 2.7
Dis3l 213550 1.1 2.9 Lpxn 107321 6.8 2.2 Rdh10 98711 -2.7 -4.6 Zdhhc16 74168 -1.2 2.5
Disc1 244667 2.1 -1.4 Lpxn 107321 5.7 2.4 Rdh11 17252 -1.5 -3.4 Zdhhc17 320150 2.4 5.1
Disc1 244667 2.7 -1.0 Lrba 80877 -10.6 -2.0 Rdh11 17252 1.6 4.5 Zdhhc2 70546 1.0 -6.7
Disp1 68897 3.1 -1.9 Lrch1 380916 -1.2 3.0 Rdh13 108841 -4.9 2.3 Zdhhc2 70546 -7.5 -2.6
Disp1 68897 1.1 7.2 Lrch3 70144 1.9 3.1 Rdh14 105014 -9.0 1.4 Zdhhc21 68268 -1.2 2.2
Disp2 214240 1.1 -2.8 Lrch3 70144 1.9 2.6 Rdh16 19683 1.0 -6.9 Zdhhc21 68268 1.6 3.1
Dkc1 245474 6.4 2.5 Lrfn3 233067 -5.7 -1.7 Rdh19 216453 1.0 -2.5 Zdhhc24 70605 -1.1 -2.4
Dkc1 245474 -1.0 4.0 Lrfn4 225875 -1.9 -4.3 Rdh5 19682 -4.4 9.4 Zdhhc5 228136 1.3 -13.1
Dkk1 13380 1.0 -4.3 Lrfn5 238205 -5.8 -23.6 Rdh9 103142 -3.6 -5.1 Zdhhc6 66980 -6.1 1.3
Dkk3 50781 -5.6 -5.4 Lrg1 76905 4.0 1.6 Rdh9 103142 -1.0 -2.6 Zdhhc7 102193 2.6 -1.6
Dlc1 50768 -1.1 -5.2 Lrif1 321000 -5.8 4.9 Rdm1 66599 -3.6 -2.3 Zdhhc9 208884 6.4 3.6
Dld 13382 2.3 3.2 Lrig2 269473 5.3 3.0 Rdx 19684 1.9 3.6 Zeb1 21417 14.8 1.6
Dld 13382 2.0 8.9 Lrp1 16971 2.0 8.8 Rec114 73673 1.3 4.6 Zeb2 24136 6.9 3.7
Dleu2 668253 3.2 3.9 Lrp11 237253 1.4 5.1 Rec8 56739 2.5 1.2 Zeb2 24136 3.0 1.4
Dlg3 53310 -4.3 -1.6 Lrp12 239393 3.2 1.9 Reck 53614 9.0 -1.7 Zeb2 24136 8.9 3.3
Dlg4 13385 5.3 -1.2 Lrp1b 94217 1.0 -9.7 Recql 19691 -1.0 3.6 Zeb2 24136 4.3 4.6
Dlg5 71228 -9.6 -2.3 Lrp2 14725 -3.1 -1.0 Recql 19691 2.5 7.1 Zeb2 24136 5.3 1.4
Dlg5 71228 -11.8 -2.5 Lrp2 14725 -1.4 -11.9 Recql4 79456 -2.9 -2.8 Zfand1 66361 -2.6 1.3
Dlgap2 244310 1.4 -2.2 Lrp3 435965 -1.9 -2.7 Redrum 77433 1.0 -9.3 Zfand2a 100494 -1.2 3.7
Dlgap3 242667 3.4 -11.9 Lrp4 228357 1.0 -5.6 Reep1 52250 2.4 -4.6 Zfand2a 100494 -1.0 2.9
Dlgap4 228836 2.5 -1.0 Lrp4 228357 -1.7 2.4 Reep2 225362 1.6 -3.7 Zfand3 21769 2.6 -1.2
Dlgap5 218977 5.8 1.2 Lrp5 16973 -2.5 -3.7 Reep4 72549 -3.1 -1.8 Zfand5 22682 3.3 7.6
Dlk1 13386 -1.9 -3.0 Lrp8 16975 1.0 -4.6 Reep6 70335 -19.6 -8.8 Zfand5 22682 -1.0 6.3
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Dlk2 106565 -2.3 -3.5 Lrp8 16975 4.9 1.8 Reg1 19692 1.0 -2.3 Zfc3h1 216345 2.9 2.8
Dll4 54485 1.4 -5.3 Lrpap1 16976 1.9 2.7 Rel 19696 11.4 36.3 Zfc3h1 216345 1.8 3.7
Dlst 78920 1.2 2.2 Lrpprc 72416 1.7 2.4 Rela 19697 2.2 1.0 Zfc3h1 216345 2.2 2.2
Dlst 78920 2.1 2.1 Lrrc1 214345 -32.6 -5.7 Rela 19697 2.3 1.2 Zfc3h1 216345 3.7 2.3
Dlst 78920 5.5 1.2 Lrrc1 214345 -13.7 -1.9 Relb 19698 2.9 2.8 Zfc3h1 216345 3.8 5.4
Dlx1 13390 1.3 -6.0 Lrrc1 214345 -37.5 -1.4 Rell1 100532 -1.5 -2.2 Zfc3h1 216345 2.1 2.8
Dlx4 13394 -7.0 1.0 Lrrc10 237560 2.4 -3.5 Reln 19699 1.0 -2.2 Zfhx2 239102 -4.7 -1.3
Dlx6 13396 3.3 5.9 Lrrc14 223664 -4.4 -1.1 Reln 19699 -13.6 -1.5 Zfhx3 11906 -2.1 1.2
Dlx6as2 13397 -1.3 -6.0 Lrrc16a 68732 1.5 3.8 Relt 320100 4.5 -1.2 Zfml 18139 1.3 2.1
Dmbt1 12945 3.7 1.0 Lrrc16a 68732 -2.1 1.4 Rem1 19700 1.8 -2.8 Zfp101 22643 -5.8 -2.3
Dmbx1 140477 1.2 -34.2 Lrrc16b 268747 2.2 -6.1 Ren1 19701 4.2 -3.4 Zfp106 20402 -1.0 10.0
Dmbx1 140477 1.2 -5.9 Lrrc17 74511 -2.2 -16.8 Ren2 19702 1.5 -10.6 Zfp106 20402 1.5 4.3
Dmd 13405 -26.2 -1.5 Lrrc18 67580 -2.6 -1.3 Renbp 19703 5.6 1.3 Zfp106 20402 1.5 5.8
Dmd 13405 -5.7 -1.2 Lrrc18 67580 4.5 -1.1 Reps1 19707 1.1 2.1 Zfp108 54678 -1.3 -2.6
Dmkn 73712 2.3 8.1 Lrrc20 216011 -1.8 3.1 Rere 68703 1.5 5.8 Zfp111 56707 -2.6 -2.1
Dmkn 73712 -1.5 -9.3 Lrrc23 16977 3.8 -7.5 Rest 19712 3.3 8.0 Zfp112 57745 2.1 2.6
Dmrt1 50796 -2.1 -1.2 Lrrc24 378937 4.2 -14.9 Rest 19712 -1.1 2.7 Zfp113 56314 -1.3 2.8
Dmrtb1 56296 2.7 -13.3 Lrrc25 211228 5.0 1.8 Rest 19712 1.6 2.2 Zfp125 22651 1.0 -3.1
Dmrtb1 56296 1.7 -6.2 Lrrc29 234684 2.0 -1.7 Retn 57264 4.9 -2.2 Zfp13 22654 -1.1 -4.8
Dmrtc1b 632708 1.4 -4.6 Lrrc3 237387 2.8 4.4 Retn 57264 6.4 1.4 Zfp131 72465 3.8 1.7
Dmtf1 23857 2.8 1.5 Lrrc3 237387 1.6 -21.8 Retnlg 245195 73.9 41.1 Zfp142 77264 6.2 3.1
Dmtf1 23857 -1.6 2.3 Lrrc38 242735 1.4 -13.5 Rev1 56210 1.4 2.9 Zfp143 20841 -1.0 3.1
Dmtf1 23857 1.4 5.9 Lrrc39 109245 -2.9 1.6 Rev3l 19714 -2.5 1.7 Zfp143 20841 2.4 1.9
Dmtn 13829 -7.3 -3.1 Lrrc3b 218763 -1.0 -3.1 Rev3l 19714 1.2 2.6 Zfp148 22661 -5.9 1.1
Dmxl2 235380 65.2 12.2 Lrrc40 67144 -2.0 4.0 Rexo1 66932 1.9 2.4 Zfp148 22661 1.5 2.5
Dmxl2 235380 20.7 21.4 Lrrc40 67144 -3.4 -4.4 Rexo1 66932 2.2 1.8 Zfp157 72154 -3.4 2.8
Dmxl2 235380 19.2 7.7 Lrrc43 381741 1.2 -2.4 Rexo4 227656 4.6 1.3 Zfp160 224585 3.8 -1.8
Dna2 327762 13.0 3.8 Lrrc46 69297 1.6 -8.5 Rfc4 106344 1.3 2.6 Zfp160 224585 1.9 -2.7
Dna2 327762 4.0 34.1 Lrrc48 74665 2.6 1.2 Rfesd 218341 -2.3 3.1 Zfp174 385674 -2.7 1.1
Dna2 327762 5.7 25.2 Lrrc51 69358 -4.3 -2.3 Rfk 54391 -1.2 -2.7 Zfp180 210135 1.7 4.5
Dnaaf2 109065 -1.4 5.6 Lrrc51 69358 -15.2 -7.8 Rfng 19719 2.6 1.4 Zfp180 210135 -2.2 10.6
Dnah10 56087 1.1 -4.1 Lrrc55 241528 -2.2 -1.9 Rfpl4 192658 6.4 2.3 Zfp184 193452 2.9 -4.5
Dnah11 13411 -8.1 1.0 Lrrc57 66606 2.6 1.1 Rftn1 76438 27.7 5.6 Zfp185 22673 -3.4 -1.3
Dnah14 240960 3.9 -5.9 Lrrc58 320184 1.4 3.1 Rftn1 76438 9.5 4.6 Zfp185 22673 -7.7 -1.3
Dnah17 69926 2.3 1.5 Lrrc58 320184 1.1 4.6 Rfwd3 234736 16.4 -1.2 Zfp191 59057 1.7 -16.0
Dnah17 69926 12.2 9.3 Lrrc59 98238 1.5 2.2 Rfx1 19724 -1.5 -3.3 Zfp2 22678 -1.9 -3.6
Dnah2 327954 -1.9 -4.0 Lrrc6 54562 1.1 -10.2 Rfx1 19724 -1.1 2.2 Zfp2 22678 -1.4 3.7
Dnah2 327954 24.3 15.8 Lrrc61 243371 2.1 -3.6 Rfx2 19725 -1.3 2.3 Zfp207 22680 1.3 2.8
Dnah5 110082 1.3 -4.7 Lrrc71 74485 1.3 -2.6 Rfx4 71137 -1.1 -4.6 Zfp219 69890 -1.8 -2.8
Dnah6 330355 1.3 -7.6 Lrrc73 224813 -1.2 -4.8 Rfx5 53970 1.5 9.8 Zfp219 69890 -2.2 -1.8
Dnah9 237806 1.0 -19.9 Lrrc75a 192976 1.9 3.5 Rfx5 53970 13.2 2.0 Zfp235 56525 -2.2 1.0
Dnaic1 68922 -1.3 -4.7 Lrrc75b 192734 -1.2 4.1 Rfxap 170767 -4.8 2.0 Zfp236 329002 6.1 12.4
Dnaic2 432611 -1.0 -2.3 Lrrc8b 433926 1.6 10.3 Rgag4 331474 3.1 1.9 Zfp236 329002 2.8 2.7
Dnaja4 58233 -10.7 -4.7 Lrrc8c 100604 1.1 2.2 Rgcc 66214 4.0 21.4 Zfp26 22688 -2.9 1.8
Dnajb12 56709 -3.0 -1.6 Lrrc8d 231549 1.8 2.7 Rgl1 19731 9.4 1.1 Zfp26 22688 -5.9 1.7
Dnajb12 56709 -2.2 1.0 Lrrc8e 72267 -4.5 -2.1 Rgl1 19731 11.0 1.9 Zfp26 22688 2.5 1.7
Dnajb14 70604 2.0 -1.2 Lrrc8e 72267 -6.5 -20.0 Rgl3 71746 -1.4 -9.2 Zfp26 22688 1.1 4.2
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Dnajb14 70604 1.5 4.4 Lrrfip1 16978 -1.3 2.5 Rgma 244058 -6.0 -1.5 Zfp26 22688 1.1 2.5
Dnajb2 56812 -4.7 2.6 Lrrfip1 16978 1.5 3.1 Rgmb 68799 -3.5 -1.3 Zfp260 26466 -2.3 1.4
Dnajb3 15504 -6.6 1.6 Lrrfip1 16978 1.4 2.7 Rgn 19733 3.9 -2.0 Zfp263 74120 1.7 2.8
Dnajb4 67035 -1.7 5.1 Lrrfip2 71268 -1.2 2.4 Rgp1 242406 -2.4 1.1 Zfp263 74120 1.4 6.2
Dnajb5 56323 2.4 -1.6 Lrrfip2 71268 -1.3 2.6 Rgs1 50778 7.6 34.5 Zfp263 74120 2.1 3.1
Dnajb5 56323 2.1 -2.0 Lrriq1 74978 -2.8 1.3 Rgs11 50782 -4.5 -1.1 Zfp266 77519 -2.4 1.5
Dnajb9 27362 1.6 8.6 Lrrk1 233328 -1.1 2.0 Rgs12 71729 -3.8 -3.2 Zfp266 77519 -2.2 -1.9
Dnajc1 13418 -2.7 1.6 Lrrk1 233328 3.3 4.8 Rgs13 246709 4.0 4.7 Zfp273 212569 -6.7 -1.4
Dnajc13 235567 3.1 1.8 Lrrk2 66725 -3.4 -1.1 Rgs14 51791 5.2 2.8 Zfp280b 64453 -1.1 -2.4
Dnajc16 214063 5.0 -1.5 Lrrn2 16980 -4.9 -1.2 Rgs16 19734 1.9 -42.2 Zfp280d 235469 1.3 3.2
Dnajc16 214063 1.2 4.7 Lrrn3 16981 -1.0 -2.4 Rgs17 56533 -1.0 -2.4 Zfp280d 235469 -1.2 6.1
Dnajc16 214063 -1.8 7.0 Lrrn3 16981 1.1 2.4 Rgs19 56470 2.5 1.4 Zfp282 101095 -2.5 1.6
Dnajc17 69408 -1.7 4.6 Lrrn4 320974 -11.0 -1.4 Rgs19 56470 7.3 2.0 Zfp286 192651 7.7 -3.4
Dnajc19 67713 2.3 4.3 Lrrn4cl 68852 -5.7 1.1 Rgs2 19735 5.0 2.9 Zfp286 192651 5.8 -7.8
Dnajc2 22791 1.3 3.0 Lrrtm1 74342 -1.3 -5.6 Rgs2 19735 8.6 17.5 Zfp287 170740 -6.2 1.4
Dnajc2 22791 1.6 3.4 Lrrtm2 107065 1.0 3.6 Rgs2 19735 20.3 8.7 Zfp292 30046 4.4 4.5
Dnajc22 72778 1.3 -2.1 Lrsam1 227738 1.5 -15.7 Rgs20 58175 -2.7 -1.7 Zfp3 193043 -1.9 3.3
Dnajc27 217378 1.1 6.6 Lrtm1 319476 1.0 -2.1 Rgs3 50780 -2.4 -1.1 Zfp300 245368 3.4 -8.5
Dnajc28 246738 -4.4 8.9 Lrtm2 211187 5.0 -2.9 Rgs4 19736 1.0 -2.7 Zfp317 244713 -2.4 3.6
Dnajc3 100037258 2.4 1.2 Lsg1 224092 2.1 2.0 Rgs4 19736 -9.0 1.5 Zfp318 57908 -7.5 -3.7
Dnajc4 57431 -2.5 -1.6 Lsm11 72290 4.8 3.2 Rgs5 19737 -7.2 -1.6 Zfp318 57908 -1.3 3.2
Dnajc5b 66326 1.4 -2.0 Lsm14a 67070 1.6 2.2 Rgs8 67792 2.0 -5.4 Zfp318 57908 -3.0 4.1
Dnajc5g 231098 2.4 -1.2 Lsm6 78651 -3.3 1.8 Rgs8 67792 -1.4 -3.6 Zfp319 79233 -1.6 3.5
Dnajc5g 231098 1.0 -2.8 Lsp1 16985 3.2 2.9 Rgs9 19739 -1.2 3.5 Zfp322a 218100 -1.3 3.3
Dnajc9 108671 -3.5 2.1 Lss 16987 -2.2 -3.7 Rgs9bp 243923 -1.2 -15.9 Zfp324 243834 -1.9 2.5
Dnal1 105000 -2.4 5.2 Lst1 16988 3.6 1.8 Rhbdd2 215160 -3.0 -1.3 Zfp326 54367 1.2 3.4
Dnali1 75563 1.2 -4.9 Ltb4r1 16995 4.5 -1.3 Rhbdf1 13650 -2.1 -1.7 Zfp326 54367 1.3 6.1
Dnase1l1 69537 3.1 1.2 Ltb4r2 57260 1.3 4.1 Rhbdf2 217344 1.7 3.9 Zfp326 54367 -1.9 4.5
Dnase1l2 66705 -3.8 -4.0 Ltbp1 268977 5.2 -1.7 Rhbdf2 217344 2.6 4.9 Zfp326 54367 1.5 -2.9
Dnase1l3 13421 2.7 -2.2 Ltbp2 16997 1.8 -2.5 Rhbdl2 230726 -2.1 -3.6 Zfp329 67230 -1.0 -2.5
Dnase2b 56629 2.5 -1.1 Ltbp3 16998 -2.5 -1.1 Rhbdl3 246104 -11.0 1.2 Zfp341 228807 1.2 -8.3
Dnd1 213236 3.0 -1.5 Ltbp3 16998 -2.4 -1.2 Rhbg 58176 -3.3 -10.7 Zfp346 26919 -1.2 -5.3
Dner 227325 5.7 5.2 Ltbp4 108075 -4.2 -5.4 Rho 212541 1.1 -2.4 Zfp35 22694 2.1 -1.1
Dnhd1 77505 4.5 -1.3 Ltk 17005 -1.2 -6.4 Rhobtb2 246710 1.7 -2.1 Zfp352 236537 -1.7 -10.7
Dnhd1 77505 -1.1 -9.8 Ltn1 78913 1.0 -9.3 Rhobtb3 73296 -7.5 2.0 Zfp354b 27274 1.0 -2.3
Dnlz 52838 1.1 -3.3 Ltn1 78913 1.0 2.3 Rhod 11854 -3.6 1.0 Zfp358 140482 1.4 -2.3
Dnm1l 74006 -1.2 6.3 Luc7l 66978 -1.1 3.7 Rhod 11854 -1.2 -2.9 Zfp36 22695 2.3 1.2
Dnmbp 71972 -5.8 1.2 Luc7l2 192196 -1.0 2.9 Rhog 56212 2.7 1.4 Zfp36 22695 4.9 2.9
Dnmt1 13433 2.6 1.3 Luc7l2 192196 1.5 5.6 Rhoh 74734 4.1 2.4 Zfp367 238673 2.8 2.2
Dnmt3b 13436 1.6 4.2 Luc7l2 192196 -1.0 2.1 Rhoq 104215 1.0 2.7 Zfp369 170936 -2.5 -1.1
Dnmt3l 54427 -12.5 -12.6 Luc7l2 192196 -1.1 2.5 Rhot1 59040 -1.8 -2.6 Zfp369 170936 1.0 -2.3
Dntt 21673 -1.0 -7.4 Lurap1l 52829 -1.1 -15.4 Rhot2 214952 1.1 -2.6 Zfp36l2 12193 2.5 1.1
Dntt 21673 -5.9 -1.5 Luzp1 269593 -2.5 -1.0 Rhou 69581 1.3 31.4 Zfp36l3 333473 -1.2 -8.0
Dnttip2 99480 1.0 -2.1 Ly6a 110454 1.8 3.6 Rhox2a 75199 1.0 -14.9 Zfp37 22696 1.0 -8.3
Doc2g 60425 -5.5 -8.0 Ly6c1 17067 2.7 10.9 Rhox3a 382209 2.4 -41.0 Zfp384 269800 1.0 -6.0
Doc2g 60425 -1.7 -6.0 Ly6c2 100041546 1.9 4.1 Rhox4e 194856 1.4 -15.5 Zfp385a 29813 2.2 1.1
Dock1 330662 1.5 7.1 Ly6d 17068 -3.9 -4.5 Rhox5 18617 -1.0 -7.1 Zfp385a 29813 2.5 -1.0
250
Dock10 210293 23.3 11.5 Ly6e 17069 2.3 1.1 Rhox9 104384 3.6 -7.0 Zfp385a 29813 3.0 1.1
Dock10 210293 9.7 7.0 Ly6f 17071 5.6 30.1 Rhpn1 14787 -1.3 -12.9 Zfp385b 241494 1.6 -23.7
Dock11 75974 18.4 4.1 Ly6g5c 114652 1.0 -7.0 Ribc1 66611 -1.9 -8.3 Zfp385b 241494 -1.0 -10.1
Dock2 94176 2.5 1.3 Ly6g6c 68468 -1.1 -4.0 Ribc2 67747 3.2 -6.9 Zfp385c 278304 1.1 -2.8
Dock2 94176 3.9 1.3 Ly6g6d 114654 -2.2 -13.1 Ric3 320360 -1.3 -4.8 Zfp386 56220 -1.4 4.4
Dock3 208869 5.2 -1.7 Ly6g6d 114654 -2.6 -2.7 Ric3 320360 -9.1 -2.3 Zfp386 56220 -1.7 19.1
Dock4 238130 3.7 1.4 Ly6g6e 70274 -3.7 -18.4 Ric3 320360 -2.5 1.0 Zfp386 56220 2.2 3.6
Dock4 238130 2.5 5.1 Ly6k 76486 -14.1 -4.9 Ric3 320360 -2.4 -1.3 Zfp386 56220 2.9 -13.0
Dock4 238130 7.6 3.0 Ly75 17076 3.5 2.1 Ric8 101489 -2.6 2.8 Zfp389 100038371 -1.9 -2.1
Dock5 68813 14.0 9.0 Ly86 17084 2.0 -1.0 Ric8b 237422 1.6 -13.2 Zfp395 380912 -1.5 -2.3
Dock5 68813 3.3 16.6 Ly9 17085 6.9 2.2 Rictor 78757 1.7 6.2 Zfp40 22700 -5.1 1.6
Dock6 319899 1.2 -6.5 Lyar 17089 -1.5 3.2 Rictor 78757 6.0 4.7 Zfp407 240476 -1.3 6.2
Dock6 319899 -4.2 1.8 Lyn 17096 4.5 2.5 Rictor 78757 -2.7 5.6 Zfp410 52708 2.8 1.5
Dock7 67299 -3.1 2.8 Lyn 17096 4.5 1.4 Rictor 78757 -1.3 2.1 Zfp418 232854 -2.9 -2.2
Dock8 76088 1.8 3.2 Lynx1 23936 -4.7 -1.3 Rictor 78757 6.0 8.1 Zfp42 22702 1.1 -3.4
Dock8 76088 1.1 2.2 Lypd1 72585 1.7 -2.3 Rif1 51869 -6.2 1.1 Zfp422 67255 -2.4 1.1
Dock8 76088 1.2 4.6 Lypd2 68311 4.0 -4.2 Rif1 51869 -2.7 1.2 Zfp422 67255 -2.0 -1.5
Dock8 76088 -1.2 4.6 Lypd3 72434 -6.9 -2.3 Rilpl1 75695 4.2 7.2 Zfp426 235028 1.7 2.6
Dock9 105445 -15.6 -5.8 Lypd6 320343 -24.4 -7.8 Rilpl2 80291 3.3 2.1 Zfp428 232969 -1.3 -2.7
Dock9 105445 -4.0 -6.5 Lypd6b 71897 -26.4 -10.1 Rimbp2 231760 -1.0 -2.0 Zfp444 72667 3.0 -2.1
Dok1 13448 -1.5 -5.0 Lypd8 70163 -1.1 -9.1 Rimklb 108653 1.2 -3.9 Zfp445 235682 1.5 2.3
Dok3 27261 5.7 3.2 Lypd8 70163 -5.0 1.1 Rims2 116838 1.0 -4.9 Zfp451 98403 1.1 2.1
Dok7 231134 2.5 -5.1 Lypla1 18777 -1.1 2.9 Rims3 242662 1.0 -3.2 Zfp454 237758 -2.5 -1.1
Donson 60364 8.1 13.2 Lyrm2 108755 -2.1 -1.7 Rin1 225870 -3.5 -4.9 Zfp458 238690 -1.1 2.3
Dopey1 320615 -2.1 2.3 Lyrm5 67636 -2.5 -2.2 Rin2 74030 -1.1 -2.5 Zfp462 242466 -22.8 -1.4
Dopey1 320615 1.1 4.1 Lyrm9 66274 9.5 3.1 Rin2 74030 2.9 1.0 Zfp472 224691 7.5 4.2
Dos 100503659 -1.6 -3.0 Lyrm9 66274 -1.8 -3.4 Rin3 217835 2.8 2.0 Zfp472 224691 6.1 1.2
Dot1l 208266 1.5 5.1 Lysmd1 217779 1.4 2.2 Rinl 320435 2.5 -1.8 Zfp473 243963 1.6 -9.0
Dot1l 208266 2.5 1.8 Lysmd1 217779 1.4 5.1 Rinl 320435 2.5 -1.3 Zfp493 72958 -3.8 -5.6
Dot1l 208266 1.2 2.6 Lysmd2 70082 -12.4 -2.2 Rinl 320435 6.4 1.3 Zfp503 218820 -2.1 -1.3
Dpcd 226162 3.1 1.8 Lysmd3 80289 3.6 2.1 Riok1 71340 -1.1 3.2 Zfp507 668501 -6.6 1.3
Dpep1 13479 -4.2 -8.2 Lysmd4 75099 1.0 10.4 Riok1 71340 1.2 -3.4 Zfp507 668501 -1.5 -5.0
Dpep2 319446 14.6 2.9 Lyst 17101 2.8 3.4 Riok3 66878 1.8 2.9 Zfp51 22709 1.0 2.3
Dpep2 319446 8.7 4.4 Lyst 17101 1.6 4.0 Riok3 66878 1.4 2.4 Zfp511 69752 -1.6 -2.3
Dpf1 29861 1.7 -22.4 Lyz1 17110 2.0 1.1 Riok3 66878 2.3 1.3 Zfp516 329003 3.1 1.3
Dph1 116905 1.8 6.2 Lyzl1 67328 1.6 -6.1 Ripk1 19766 3.0 2.2 Zfp516 329003 5.8 2.6
Dph1 116905 2.2 2.3 Lyzl4 69032 -1.8 -3.0 Ripk1 19766 1.7 8.0 Zfp516 329003 1.9 3.7
Dph2 67728 -1.0 4.3 Lyzl6 69444 1.0 -4.0 Ripk1 19766 -6.7 3.8 Zfp518a 72672 -1.8 6.8
Dph3 105638 -2.4 2.4 Lzts1 211134 -2.3 -6.1 Ripk2 192656 4.2 4.1 Zfp518a 72672 -2.4 3.4
Dph3 105638 1.1 -11.2 Lzts2 226154 -3.9 -2.2 Ripk3 56532 3.7 7.4 Zfp518b 100515 -4.5 3.2
Dph3 105638 -1.1 2.9 Lzts3 241638 9.0 -2.4 Ripk4 72388 -6.5 -9.2 Zfp52 22710 1.2 5.2
Dph6 66632 -7.6 -3.3 M6pr 17113 1.2 2.1 Ripply3 170765 -1.5 -4.7 Zfp523 224656 -1.7 -3.9
Dph6 66632 1.9 5.5 Maats1 320214 -1.0 2.2 Ripply3 170765 -5.4 -1.0 Zfp53 24132 -1.1 4.7
Dph7 67228 -4.5 1.4 Macc1 238455 -4.5 -3.9 Rit1 19769 -2.0 2.7 Zfp532 328977 -17.5 1.6
Dpm1 13480 5.9 -10.6 Macf1 11426 2.9 4.9 Rit2 19762 1.0 -2.3 Zfp532 328977 -6.6 -2.2
Dpp4 13482 -1.4 6.0 Macrod1 107227 -4.2 -2.8 Rlf 109263 2.4 2.3 Zfp54 22712 -2.1 1.5
Dpp6 13483 -6.2 -24.6 Macrod1 107227 -5.8 -2.3 Rlf 109263 8.3 12.3 Zfp551 619331 1.0 -2.2
251
Dpp7 83768 4.4 -1.3 Madcam1 17123 3.5 1.1 Rlf 109263 1.4 13.2 Zfp558 72230 1.2 -4.7
Dpp7 83768 12.3 1.1 Madd 228355 3.3 3.0 Rlim 19820 -1.1 2.0 Zfp563 240068 -2.6 -1.7
Dpp8 74388 -2.1 -3.7 Madd 228355 1.2 2.9 Rlim 19820 -1.2 2.5 Zfp566 72556 6.3 1.1
Dpp8 74388 -1.7 -2.5 Mafb 16658 2.2 1.1 Rln1 19773 1.0 -2.6 Zfp57 22715 -4.1 -3.1
Dpp9 224897 2.0 3.8 Maff 17133 4.9 19.1 Rln3 212108 -1.2 -7.4 Zfp574 232976 -1.9 -7.9
Dppa3 73708 8.5 5.1 Mafk 17135 -2.3 -1.3 Rmdn3 67809 5.4 2.3 Zfp579 68490 -2.3 -3.6
Dpy19l1 244745 4.0 1.6 Mag 17136 2.2 -3.8 Rmdn3 67809 -1.7 6.9 Zfp580 68992 -1.8 -2.7
Dpy19l3 233115 -15.4 7.4 Magea4 17140 1.0 -2.2 Rmi2 223970 1.3 -2.3 Zfp592 233410 2.7 1.6
Dpy19l3 233115 -1.2 2.8 Magea5 17141 1.1 -7.3 Rmnd1 66084 3.0 1.1 Zfp593 68040 -2.6 1.6
Dpyd 99586 1.6 -7.7 Magea7-ps 17143 1.3 -14.1 Rmnd5a 68477 1.4 3.7 Zfp593 68040 2.4 2.4
Dpysl2 12934 2.2 1.0 Magea8 17144 1.0 -10.4 Rmnd5a 68477 -1.1 2.5 Zfp597 71063 1.8 6.5
Dpysl2 12934 2.2 1.5 Mageb1 17145 1.0 -4.7 Rnase2b 54159 -3.1 1.5 Zfp60 22718 -1.2 2.3
Dpysl5 65254 -3.8 -4.2 Mageb4 434903 -4.2 -1.2 Rnase4 58809 -2.0 -3.0 Zfp605 675812 -19.2 -1.6
Dpysl5 65254 2.2 -4.0 Maged1 94275 -4.7 -2.7 Rnase4 58809 -2.4 -3.2 Zfp606 67370 -5.2 1.3
Dr1 13486 6.7 4.0 Mageh1 75625 -10.0 -11.2 Rnaseh2a 69724 -2.5 1.1 Zfp608 269023 1.4 6.5
Dr1 13486 1.1 -8.5 Magel2 27385 4.6 1.4 Rnaseh2b 67153 -1.2 2.3 Zfp609 214812 -1.0 3.3
Dram1 71712 7.3 4.3 Magi1 14924 -5.7 -1.0 Rnasel 24014 2.6 1.1 Zfp609 214812 -1.1 3.4
Draxin 70433 1.1 -6.5 Magi1 14924 -31.6 -3.6 Rnd1 223881 1.2 -4.1 Zfp61 22719 -10.9 3.6
Drd2 13489 2.1 -5.4 Magi2 50791 1.3 -4.5 Rnd2 11858 1.0 -5.1 Zfp612 234725 -9.7 -1.7
Drd3 13490 2.1 -8.8 Magi3 99470 -2.1 -5.5 Rnd3 74194 1.8 2.3 Zfp618 72701 -24.7 -1.9
Drd4 13491 4.0 3.5 Magix 54634 -1.5 -8.4 Rnd3 74194 1.9 7.4 Zfp618 72701 2.5 -13.8
Drd5 13492 1.0 -3.2 Magix 54634 1.1 -8.3 Rnd3 74194 1.4 4.8 Zfp62 22720 2.8 6.3
Drg2 13495 2.1 -1.5 Magohb 66441 1.6 5.0 Rnf103 22644 1.2 4.9 Zfp622 52521 1.1 2.1
Drp2 13497 1.0 -12.2 Magt1 67075 1.0 6.1 Rnf111 93836 1.1 4.9 Zfp623 78834 -1.7 6.2
Dsc2 13506 -18.3 -2.4 Mak16 67920 1.2 2.9 Rnf112 22671 2.2 -47.6 Zfp628 232816 3.8 -1.1
Dsc2 13506 -2.3 1.2 Mak16 67920 -1.6 3.3 Rnf113a2 66381 -1.2 2.9 Zfp640 386626 -3.1 -2.1
Dscam 13508 1.4 2.9 Mal 17153 -7.9 -5.6 Rnf121 75212 2.2 1.3 Zfp641 239652 -7.6 -5.7
Dscaml1 114873 -1.1 -4.2 Mal2 105853 -8.1 -2.8 Rnf122 68867 -3.5 -1.5 Zfp644 52397 1.0 -2.6
Dscaml1 114873 1.2 -2.5 Malsu1 75593 -3.4 5.5 Rnf122 68867 -2.5 -5.1 Zfp644 52397 -3.6 -1.1
Dscaml1 114873 -1.1 -2.4 Malt1 240354 3.3 9.6 Rnf123 84585 -2.1 -1.5 Zfp646 233905 -1.1 2.3
Dscaml1 114873 4.1 -1.3 Mamdc2 71738 -1.2 -6.0 Rnf128 66889 -5.4 -6.8 Zfp651 270210 -1.1 -8.5
Dsg1b 225256 1.0 -13.2 Mamdc4 381352 -3.7 -10.5 Rnf13 24017 2.5 1.3 Zfp652 268469 9.8 5.4
Dsg2 13511 -9.9 -5.7 Maml1 103806 1.5 2.5 Rnf130 59044 2.3 -1.0 Zfp653 319601 3.2 2.5
Dsg2 13511 -11.2 -3.8 Maml2 270118 -8.8 -2.2 Rnf130 59044 2.3 1.0 Zfp654 72020 1.6 2.9
Dsg2 13511 -8.7 -1.1 Maml2 270118 -6.0 -1.4 Rnf135 71956 1.3 -2.1 Zfp654 72020 1.7 5.0
Dsg2 13511 -13.8 -2.5 Maml3 433586 2.4 -1.1 Rnf138 56515 1.1 3.2 Zfp655 72611 -3.5 6.2
Dsg2 13511 2.0 3.3 Mamld1 333639 -2.0 -4.3 Rnf138 56515 -5.4 1.8 Zfp655 72611 -1.4 3.5
Dsg3 13512 -1.8 5.8 Mamstr 74490 -1.8 -15.3 Rnf139 75841 4.4 3.6 Zfp655 72611 2.1 2.1
Dsn1 66934 3.8 1.7 Man1a2 17156 -2.0 1.3 Rnf141 67150 1.1 2.1 Zfp663 381405 1.0 -15.0
Dsp 109620 -6.7 -2.3 Man2b1 17159 -2.4 1.4 Rnf141 67150 1.7 2.1 Zfp667 384763 -2.2 2.2
Dsp 109620 -17.9 1.2 Man2b1 17159 -6.2 4.0 Rnf141 67150 3.1 1.9 Zfp672 319475 -1.6 2.9
Dsp 109620 -4.2 -1.4 Man2b2 17160 2.5 -1.6 Rnf144a 108089 -1.7 -2.6 Zfp68 24135 -2.1 6.6
Dsp 109620 -3.7 -11.2 Manba 110173 -1.7 2.9 Rnf144a 108089 -2.9 1.1 Zfp68 24135 -1.7 15.9
Dst 13518 -5.8 -2.2 Manba 110173 1.0 5.1 Rnf144b 218215 -14.0 -7.9 Zfp687 78266 -2.7 -1.2
Dst 13518 -9.9 -2.6 Mansc1 67729 -3.3 -1.3 Rnf146 68031 -8.8 2.2 Zfp688 69234 -1.2 -3.4
Dst 13518 -3.2 -1.0 Map10 74393 2.8 -1.3 Rnf146 68031 -2.3 1.3 Zfp689 71131 -1.4 -47.1
Dst 13518 -7.1 -1.9 Map10 74393 13.6 -1.5 Rnf149 67702 3.1 3.3 Zfp691 195522 2.5 1.0
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Dstn 56431 -3.6 -1.5 Map1a 17754 -1.6 4.7 Rnf149 67702 4.4 10.0 Zfp692 103836 -1.0 2.4
Dstyk 213452 -2.9 3.0 Map1a 17754 -1.3 -6.4 Rnf157 217340 6.8 -3.2 Zfp697 242109 -1.7 -7.6
Dtd1 66044 -3.1 2.1 Map1lc3a 66734 -3.2 -1.6 Rnf157 217340 12.5 3.1 Zfp7 223669 -1.2 4.2
Dtd2 328092 -1.3 -2.1 Map2k3 26397 3.1 9.3 Rnf168 70238 -1.6 6.3 Zfp7 223669 -1.9 -3.0
Dtl 76843 -1.6 2.3 Map2k4 26398 1.4 3.7 Rnf169 108937 2.1 1.8 Zfp704 170753 -4.3 1.2
Dtna 13527 -4.6 -1.6 Map2k6 26399 -6.7 4.5 Rnf17 30054 -1.0 -6.8 Zfp704 170753 -5.9 -2.7
Dtna 13527 -3.9 1.1 Map2k6 26399 1.0 -4.3 Rnf170 77733 1.4 5.3 Zfp710 209225 6.3 3.4
Dtna 13527 -1.5 -4.6 Map2k7 26400 -1.1 3.7 Rnf170 77733 -5.4 1.0 Zfp711 245595 -3.4 1.0
Dtnb 13528 -5.2 -2.4 Map2k7 26400 -23.8 1.5 Rnf170 77733 -1.6 4.9 Zfp715 69930 1.7 4.1
Dtnb 13528 -3.3 -6.6 Map3k1 26401 1.5 2.7 Rnf180 71816 6.9 6.3 Zfp715 69930 5.1 3.7
Dtwd2 68857 4.0 1.1 Map3k10 269881 -1.4 -2.7 Rnf180 71816 8.5 1.5 Zfp715 69930 -8.0 2.3
Dtx1 14357 -7.2 -3.9 Map3k11 26403 2.8 -1.1 Rnf181 66510 -2.1 1.1 Zfp72 238722 -2.8 -1.4
Dtx3 80904 2.3 3.0 Map3k12 26404 1.3 2.4 Rnf181 66510 -3.1 1.2 Zfp74 72723 1.0 2.0
Dtx4 207521 -1.2 -3.2 Map3k14 53859 2.6 3.7 Rnf183 76072 1.8 -31.6 Zfp74 72723 1.5 -2.4
Dtx4 207521 1.2 4.3 Map3k3 26406 3.9 -1.2 Rnf186 66825 -1.8 -12.4 Zfp763 73451 1.0 -2.6
Dtymk 21915 -1.3 3.4 Map3k3 26406 3.1 3.2 Rnf19a 30945 -1.2 2.7 Zfp770 228491 5.9 1.2
Dtymk 21915 -2.6 1.1 Map3k5 26408 -2.0 -1.1 Rnf19b 75234 1.7 17.8 Zfp771 244216 1.3 -2.3
Duox1 99439 -10.1 -9.8 Map3k8 26410 3.8 5.6 Rnf19b 75234 2.8 4.3 Zfp772 232855 -1.1 2.2
Duox2 214593 1.9 -22.4 Map3k9 338372 1.3 -15.3 Rnf20 109331 1.3 2.8 Zfp772 232855 -2.1 1.4
Duoxa1 213696 -1.3 -8.0 Map3k9 338372 -2.8 1.5 Rnf207 433809 1.6 -4.5 Zfp773 76373 -1.9 -2.3
Dupd1 435391 1.5 -5.1 Map4 17758 1.5 2.1 Rnf208 68846 -24.4 -4.2 Zfp775 243372 3.6 1.7
Dus1l 68730 1.3 -2.7 Map4 17758 -1.0 2.4 Rnf212 671564 1.1 -3.1 Zfp78 330463 3.4 -1.3
Dus2 66369 -1.8 2.4 Map4k1 26411 1.9 3.1 Rnf213 672511 2.9 3.1 Zfp78 330463 -11.3 2.6
Dusp1 19252 3.4 1.3 Map4k3 225028 -2.5 1.1 Rnf213 672511 2.3 3.7 Zfp781 331188 -7.5 -1.7
Dusp10 63953 6.1 -1.2 Map4k5 399510 -3.3 -1.1 Rnf214 235315 1.3 2.2 Zfp783 232785 -3.8 -1.3
Dusp13 27389 1.0 -5.4 Map4k5 399510 -2.6 2.1 Rnf214 235315 -2.4 -1.5 Zfp787 67109 3.2 2.8
Dusp14 56405 -4.5 -1.9 Map6 17760 1.2 -4.9 Rnf217 268291 -2.4 4.6 Zfp788 67607 -7.0 -3.6
Dusp15 252864 1.2 -2.2 Map7 17761 -11.4 -3.5 Rnf24 51902 -1.1 4.0 Zfp799 240064 -3.1 2.2
Dusp15 252864 2.8 -10.6 Map7 17761 -8.8 -1.2 Rnf24 51902 2.0 5.6 Zfp800 627049 1.5 4.7
Dusp16 70686 -1.0 19.9 Map7 17761 -14.9 -4.6 Rnf25 57751 1.4 6.1 Zfp804b 207618 7.5 5.5
Dusp2 13537 8.0 3.1 Map7d1 245877 3.8 1.5 Rnf25 57751 1.4 6.4 Zfp809 235047 -2.8 1.2
Dusp2 13537 4.3 10.4 Map7d2 78283 2.1 4.2 Rnf32 56874 -2.7 1.0 Zfp809 235047 -2.0 -2.4
Dusp26 66959 2.0 -4.9 Map9 213582 -9.3 1.2 Rnf34 80751 1.2 3.0 Zfp81 224694 -4.7 -1.2
Dusp28 67446 -3.4 -1.0 Mapk1 26413 -1.3 2.7 Rnf38 73469 1.1 2.6 Zfp819 74400 -1.3 -3.7
Dusp4 319520 -8.2 -1.8 Mapk10 26414 -1.3 -2.0 Rnf4 19822 2.0 -1.7 Zfp82 330502 -5.7 1.9
Dusp4 319520 -3.9 -1.6 Mapk10 26414 1.9 2.1 Rnf4 19822 -1.2 2.3 Zfp82 330502 2.2 -10.9
Dusp6 67603 2.4 1.2 Mapk11 19094 -2.5 -5.9 Rnf41 67588 4.7 1.6 Zfp825 235956 1.5 -4.3
Dusp8 18218 1.5 -5.0 Mapk12 29857 -12.5 -4.2 Rnf41 67588 3.9 1.8 Zfp827 622675 -15.9 -2.7
Dusp8 18218 -1.2 6.7 Mapk12 29857 -18.4 -5.8 Rnf41 67588 2.1 1.1 Zfp827 622675 -5.9 -2.6
Dusp9 75590 1.1 -8.9 Mapk13 26415 -3.4 -1.1 Rnf41 67588 2.3 3.0 Zfp830 66983 -1.3 2.6
Dusp9 75590 -1.2 -3.8 Mapk15 332110 -1.1 -6.6 Rnf43 207742 -20.6 -1.8 Zfp830 66983 1.6 6.4
Duxbl1 278672 -7.0 1.0 Mapk6 50772 10.3 10.6 Rnf6 74132 -1.0 2.0 Zfp839 72805 1.7 3.9
Dvl2 13543 1.7 3.1 Mapk6 50772 2.9 4.8 Rnf8 58230 10.9 1.8 Zfp84 74352 6.8 1.5
Dvl3 13544 1.8 -2.4 Mapk7 23939 3.0 1.4 Rnft1 76892 2.3 1.4 Zfp85 22746 -1.2 -2.2
Dxo 112403 1.8 3.2 Mapk7 23939 3.1 2.4 Rngtt 24018 4.9 1.6 Zfp862-ps 58894 -11.8 2.9
Dym 69190 1.0 2.3 Mapk8 26419 1.3 10.9 Rngtt 24018 4.1 4.1 Zfp866 330788 -1.3 3.1
Dync1li1 235661 1.9 2.2 Mapk8 26419 1.1 3.9 Rnmt 67897 -2.4 -1.1 Zfp868 234362 2.4 4.2
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Dync1li2 234663 -2.0 1.4 Mapk8 26419 1.5 9.3 Rnmt 67897 5.3 6.2 Zfp869 66869 -4.8 -9.1
Dync1li2 234663 -2.2 2.5 Mapk8 26419 -1.0 3.3 Rnmtl1 67390 1.2 -3.0 Zfp87 170763 -1.1 2.8
Dync2h1 110350 1.0 -8.0 Mapk8ip2 60597 1.1 -2.3 Rnpep 215615 2.6 1.7 Zfp871 208292 -1.4 2.9
Dync2h1 110350 -2.7 -21.0 Mapk9 26420 -2.3 3.8 Robo1 19876 -6.2 -15.6 Zfp871 208292 -1.5 3.9
Dync2h1 110350 -7.2 2.3 Mapkap1 227743 -1.6 3.3 Robo2 268902 1.1 -3.0 Zfp874b 408067 1.5 3.5
Dync2h1 110350 -2.2 6.2 Mapkapk5 17165 -1.4 3.4 Robo3 19649 -1.2 -4.4 Zfp879 214779 2.1 -15.1
Dync2li1 213575 -4.6 -1.3 Mapre1 13589 2.6 1.5 Robo4 74144 -5.2 -1.1 Zfp9 22750 -1.0 -3.3
Dynll1 56455 -2.7 -1.1 Mapre3 100732 2.5 -2.4 Rock1 19877 1.0 3.9 Zfp91 109910 -1.0 6.2
Dynll2 68097 -3.3 -1.9 Mapt 17762 1.7 -4.0 Rock1 19877 1.8 2.2 Zfp93 22755 -6.6 -4.2
Dynll2 68097 -3.1 -1.4 Mapt 17762 2.7 2.7 Ropn1l 252967 -3.6 4.2 Zfp934 77117 -2.8 1.6
Dynll2 68097 -3.5 -2.6 Marc1 66112 2.3 -2.3 Ror2 26564 1.1 -6.8 Zfp937 245174 -2.6 1.8
Dynlrb2 75465 1.0 -2.6 Marc2 67247 -2.5 1.5 Ror2 26564 -6.3 -6.1 Zfp94 22756 -5.7 2.1
Dynlrb2 75465 1.0 -4.1 Marc2 67247 -2.3 1.0 Rora 19883 -2.9 -1.9 Zfp941 407812 1.5 -15.2
Dynlt3 67117 -2.1 -1.2 March10 632687 -1.5 -12.1 Rora 19883 -10.6 1.4 Zfp943 74670 1.0 2.2
Dynlt3 67117 -2.7 -1.1 March2 224703 1.1 5.1 Rorb 225998 1.5 -2.3 Zfp944 319615 5.1 1.5
Dyrk1a 13548 1.2 2.7 March2 224703 1.4 3.0 Rorc 19885 -9.3 1.2 Zfp945 240041 -2.1 -1.2
Dyrk1b 13549 -1.9 -3.8 March3 320253 2.1 3.7 Rp1l1 271209 1.0 -2.5 Zfp945 240041 -3.4 1.0
Dyrk1b 13549 1.2 -29.0 March3 320253 -3.0 6.0 Rp2h 19889 1.4 2.3 Zfp948 381066 1.5 7.9
Dyrk4 101320 4.8 -3.9 March4 381270 1.5 -13.6 Rpa1 68275 -2.2 1.5 Zfp949 71640 1.2 -4.4
Dysf 26903 -1.7 -6.6 March5 69104 2.0 2.1 Rpa2 19891 -1.0 3.0 Zfp951 626391 -2.7 -1.3
Dyx1c1 67685 -4.9 1.0 March6 223455 -2.3 3.6 Rpa3 68240 -1.2 3.7 Zfp952 240067 -2.2 1.7
Dzank1 241688 -2.1 -4.3 March7 57438 1.9 3.9 Rpap2 231571 -2.5 1.4 Zfp955a 77652 -9.4 3.3
Dzip1 66573 -1.2 5.6 March9 216438 -2.3 -2.5 Rpap3 71919 -1.7 5.0 Zfp955b 100043468 3.0 2.2
Dzip1 66573 -5.4 -5.5 Marf1 223989 -1.2 2.5 Rpf2 67239 2.2 1.8 Zfp955b 100043468 -2.0 -1.5
Dzip1l 72507 -17.8 -12.7 Marf1 223989 1.6 -4.7 Rpgrip1l 244585 -10.6 -3.2 Zfp957 105590 -1.3 3.3
Dzip1l 72507 -1.6 -4.6 Mark3 17169 1.7 2.0 Rpgrip1l 244585 -7.5 1.5 Zfp959 224893 -1.7 2.4
Dzip3 224170 2.0 -3.0 Mars 216443 5.6 4.7 Rpl11 67025 -1.8 3.8 Zfp961 234413 1.5 -5.0
E030004H24Rik 319424 -3.6 3.2 Mars 216443 2.7 4.1 Rpl21 19933 1.3 -2.7 Zfp97 22759 -2.8 1.2
E030024N20Rik 595139 2.0 2.7 Marveld1 277010 11.3 1.1 Rpl22 19934 -5.0 -2.3 Zfpl1 81909 -1.2 -2.1
E030030I06Rik 319887 -9.7 -19.2 Marveld2 218518 -5.7 -2.7 Rpl22l1 68028 1.1 -2.1 Zfpm2 22762 -1.3 -14.6
E130006D01Rik 269683 3.1 -7.3 Marveld2 218518 -11.7 -2.8 Rpl27a 26451 -3.0 -1.6 Zfr 22763 -1.0 2.2
E130012A19Rik 103551 7.6 1.9 Marveld3 73608 -12.6 1.1 Rpl31 114641 1.0 3.5 Zfr2 103406 -18.0 -27.7
E130120C16Rik 320641 -4.3 -1.0 Marveld3 73608 -3.3 1.8 Rpl5 100503670 2.2 1.4 Zfx 22764 1.1 8.9
E130304I02Rik 78547 1.6 -3.5 Masp2 17175 1.0 -2.2 Rpl7l1 66229 2.4 2.2 Zfx 22764 -1.5 6.1
E130304I02Rik 78547 -1.1 -3.0 Mast1 56527 5.3 1.5 Rpp25 102614 -4.5 -2.5 Zfx 22764 1.3 7.7
E130308A19Rik 230259 -2.0 3.9 Mast2 17776 1.1 2.3 Rpp30 54364 2.5 1.8 Zfy1 22767 -2.0 -4.8
E130309F12Rik 272031 1.1 -4.5 Mast4 328329 -5.5 2.2 Rprd1a 225283 -7.7 1.2 Zfy2 22768 -2.0 4.6
E130311K13Rik 329659 -2.7 1.5 Mast4 328329 1.2 3.3 Rprd2 75137 2.2 1.3 Zfyve16 218441 2.2 4.6
E230008N13Rik 381522 4.3 -5.4 Mast4 328329 -16.9 -1.1 Rprd2 75137 2.7 -11.0 Zfyve16 218441 -2.7 7.4
E230012J19Rik 319664 -6.1 1.3 Mast4 328329 -1.3 -3.0 Rprd2 75137 3.5 15.2 Zfyve20 78287 1.2 2.8
E230015B07Rik 320001 1.0 -3.1 Mastl 67121 5.4 -1.3 Rprd2 75137 1.4 2.7 Zfyve21 68520 -2.0 -1.9
E230015B07Rik 320001 -2.4 -5.5 Mastl 67121 1.1 -2.1 Rprd2 75137 1.2 2.6 Zfyve26 211978 1.1 2.7
E230016K23Rik100504464 2.5 35.8 Mat2b 108645 -2.2 2.1 Rprm 67874 1.0 -3.4 Zfyve26 211978 3.5 2.5
E230016M11Rik 320172 1.1 -4.5 Matk 17179 5.2 2.0 Rprml 104582 2.6 -2.0 Zfyve26 211978 2.4 1.9
E230016M11Rik 320172 -2.1 -5.8 Matk 17179 7.7 -1.6 Rps20 67427 -1.1 6.5 Zfyve26 211978 4.6 1.6
E230024E03Rik 319933 -1.0 -3.3 Matn3 17182 1.1 -13.6 Rps24 20088 -2.2 3.6 Zfyve9 230597 1.7 3.7
E230029C05Rik 319711 34.3 27.4 Matn4 17183 -2.4 -4.2 Rps28 54127 2.5 3.6 Zhx1 22770 -4.7 3.2
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E2f1 13555 3.1 2.8 Matr3 17184 -1.3 2.5 Rps4l 66184 -2.8 -1.7 Zhx3 320799 -10.5 1.0
E2f1 13555 2.1 1.2 Matr3 17184 -1.7 2.0 Rps5 20103 -2.1 -1.7 Zhx3 320799 -3.4 1.0
E2f2 242705 2.7 3.6 Mau2 74549 1.2 5.7 Rps5 20103 1.3 -8.2 Zhx3 320799 1.0 -2.8
E2f3 13557 -1.1 2.0 Mavs 228607 1.4 -2.4 Rps6ka3 110651 2.5 2.8 Zic2 22772 -2.1 -1.1
E2f4 104394 1.5 9.0 Mb21d1 214763 6.1 2.5 Rps6ka4 56613 3.0 2.3 Zic4 22774 1.2 -3.5
E2f5 13559 1.1 -2.3 Mb21d1 214763 4.4 10.2 Rps6kb1 72508 1.7 5.5 Zkscan1 74570 -5.8 -2.4
E2f6 50496 3.9 3.4 Mb21d2 239796 -11.7 -2.1 Rps6kb1 72508 -1.2 2.2 Zkscan1 74570 1.4 12.0
E330009E22Rik 320567 1.4 3.3 Mb21d2 239796 -8.7 -4.2 Rps6kb2 58988 1.2 5.6 Zkscan1 74570 -2.8 1.1
E330009E22Rik 320567 3.0 8.6 Mbd1 17190 1.1 3.2 Rps6kb2 58988 4.9 5.4 Zkscan17 268417 -2.4 -1.6
E330009J07Rik 243780 -1.3 3.7 Mbd5 109241 -2.7 1.0 Rps6kl1 238323 4.1 -3.3 Zkscan2 210162 -3.7 -44.0
E330009J07Rik 243780 3.6 1.1 Mbip 217588 -1.2 7.6 Rps9 76846 3.3 2.5 Zkscan3 72739 2.1 -1.5
E330037G11Rik 102220 1.6 5.0 Mblac2 72852 -2.1 -1.1 Rpsa 16785 1.3 7.2 Zkscan5 22757 -4.4 -1.0
E330037M01Rik 319775 -4.3 -1.2 Mbnl1 56758 -1.3 -2.1 Rptor 74370 1.3 8.3 Zkscan5 22757 -3.3 1.2
E430018J23Rik 101604 1.1 -6.2 Mbnl2 105559 1.2 4.1 Rpusd1 106707 1.0 -2.0 Zkscan6 52712 -1.4 2.9
E430018J23Rik 101604 -3.8 -2.0 Mbnl2 105559 1.8 2.8 Rqcd1 58184 1.3 3.9 Zkscan8 93681 -2.6 1.4
E430024P14Rik 320936 5.7 6.7 Mbnl3 171170 -2.0 -1.1 Rrad 56437 2.7 -1.3 Zmat1 215693 -3.0 -1.4
E430024P14Rik 320936 6.9 4.3 Mbnl3 171170 -5.3 1.1 Rragc 54170 2.4 1.3 Zmat1 215693 -14.5 1.6
E430025E21Rik 223593 2.0 3.1 Mboat1 218121 -1.8 -3.7 Rras 20130 -1.4 -2.2 Zmat4 320158 1.6 -3.3
E430025E21Rik 223593 3.1 2.6 Mboat2 67216 -34.6 -4.4 Rras2 66922 -3.3 -3.8 Zmiz1 328365 9.1 4.7
Eapp 66266 -2.4 1.8 Mboat2 67216 -7.3 1.0 Rras2 66922 -4.2 1.1 Zmpste24 230709 -1.2 -2.3
Ear3 53876 1.2 2.7 Mboat2 67216 -7.0 -6.5 Rras2 66922 -3.8 2.7 Zmym3 56364 -2.1 1.2
Ear7 53873 1.3 2.6 Mboat7 77582 2.2 1.6 Rrbp1 81910 3.7 4.3 Zmym3 56364 3.1 -1.9
Ears2 67417 -6.7 -2.1 Mboat7 77582 2.1 1.6 Rrbp1 81910 28.3 12.0 Zmym5 219105 -1.3 4.8
Ears2 67417 -2.1 8.0 Mbp 17196 -1.1 2.4 Rrbp1 81910 2.7 1.5 Zmym5 219105 4.0 8.5
Ebag9 55960 1.1 5.0 Mbtd1 103537 -2.0 2.2 Rreb1 68750 2.1 -1.4 Zmym5 219105 -1.3 4.1
Ebf1 13591 -5.4 1.0 Mbtd1 103537 6.9 1.9 Rreb1 68750 4.3 3.7 Zmym6 100177 -5.1 -2.1
Ebf4 228598 -2.0 -9.3 Mc2r 17200 1.0 -3.9 Rrp15 67223 1.9 2.9 Zmynd10 114602 -2.8 -5.0
Ebf4 228598 1.1 -11.5 Mc4r 17202 -1.2 -3.3 Rrp15 67223 1.0 -8.5 Zmynd15 574428 28.0 2.4
Ebf4 228598 1.2 -3.8 Mcam 84004 -3.1 1.3 Rrp1b 72462 1.6 3.7 Zmynd8 228880 -1.2 -2.2
Ebna1bp2 69072 -8.5 -2.0 Mcat 223722 -2.5 -1.6 Rrp1b 72462 1.8 2.3 Znf512b 269401 -2.4 1.3
Ebpl 68177 -11.6 -6.2 Mcc 328949 -1.3 -6.8 Rrp1b 72462 -1.4 -9.4 Znrd1as 76416 -7.4 -5.5
Ecd 70601 -1.4 2.4 Mccc2 78038 -2.8 -1.6 Rrp7a 74778 -1.2 -8.3 Znrf1 170737 1.2 2.0
Ece2 107522 3.1 3.9 Mccc2 78038 -11.7 1.0 Rrs1 59014 1.2 4.5 Znrf1 170737 1.2 2.5
Ece2 107522 1.1 -7.7 Mcee 73724 -2.3 -1.2 Rsad2 58185 22.4 8.6 Znrf4 20834 -1.8 -7.1
Ece2 107522 1.1 -4.4 Mcemp1 69189 4.9 1.1 Rsad2 58185 50.4 31.8 Zp1 22786 1.0 -3.3
Ecel1 13599 1.7 -6.7 Mcemp1 69189 11.8 2.7 Rsad2 58185 5.2 3.9 Zp3 22788 -1.2 -4.8
Echdc1 52665 -3.0 -1.0 Mcf2l 17207 1.8 -8.4 Rsbn1 229675 1.3 2.8 Zp3 22788 -1.6 -2.7
Echdc2 52430 -13.8 -6.0 Mcf2l 17207 1.3 2.0 Rsbn1 229675 1.8 2.3 Zpbp2 69376 -9.6 -1.1
Echdc3 67856 -13.5 -3.5 Mcfd2 193813 1.3 2.5 Rsbn1l 242860 1.5 9.9 Zpld1 239852 1.9 -3.4
Echs1 93747 -2.3 -1.1 Mchr1 207911 5.4 -5.3 Rsbn1l 242860 1.1 4.2 Zpr1 22687 1.2 2.2
Eci1 13177 -3.9 -2.0 Mcl1 17210 2.2 1.8 Rsf1 233532 2.3 -3.8 Zpr1 22687 2.7 4.1
Ecsit 26940 -1.5 -2.3 Mcl1 17210 4.2 3.7 Rsl1d1 66409 -1.5 2.2 Zrsr2 22184 2.6 -1.2
Ect2 13605 -6.2 -1.1 Mcm3ap 54387 -2.6 2.9 Rsl24d1 225215 -1.3 -2.5 Zrsr2 22184 9.1 2.8
Eda 13607 2.3 1.5 Mcm4 17217 4.7 2.3 Rsph1 22092 -3.5 -1.2 Zscan10 332221 -1.1 -5.8
Eda2r 245527 -2.2 1.4 Mcm5 17218 7.0 -2.2 Rsph10b 75136 1.4 -3.4 Zscan12 22758 -1.6 2.8
Eda2r 245527 2.3 9.2 Mcm8 66634 -1.3 4.0 Rsph3a 66832 -2.2 -1.4 Zscan18 232875 1.1 -7.4
Edar 13608 -4.0 -6.0 Mcm9 71567 1.6 3.0 Rsph3a 66832 -2.2 1.2 Zscan18 232875 -1.4 -3.3
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Edaradd 171211 -13.6 -1.4 Mcoln2 68279 8.4 2.5 Rsph6a 83434 1.3 -9.5 Zscan2 22691 -1.5 -2.6
Edc3 353190 -1.9 5.5 Mcph1 244329 12.7 2.1 Rsph9 75564 -3.8 1.0 Zscan22 232878 -1.2 3.3
Edc3 353190 6.2 1.0 Mcph1 244329 -7.6 2.2 Rspo1 192199 -6.3 -9.5 Zscan4c 245109 -2.4 -1.9
Edc4 234699 1.1 2.8 Mcpt4 17227 -10.0 -5.3 Rspo2 239405 1.3 2.2 Zswim1 71971 -1.1 3.3
Eddm3b 219026 1.0 2.2 Mcrs1 51812 3.7 2.6 Rspo3 72780 2.5 1.2 Zswim3 67538 -2.3 2.9
Edem1 192193 6.4 2.3 Mctp1 78771 2.1 -2.8 Rspo4 228770 -1.2 -31.5 Zswim4 212168 13.0 3.8
Edem1 192193 2.8 4.2 Mctp2 244049 -1.3 2.9 Rspo4 228770 -1.1 -2.8 Zswim4 212168 33.7 14.3
Edem1 192193 3.7 3.1 Mcts1 68995 1.0 -2.1 Rspry1 67610 1.7 3.7 Zswim5 74464 -1.8 -3.5
Edem2 108687 2.6 18.2 Mcu 215999 -4.6 -1.0 Rspry1 67610 1.4 2.1 Zswim6 67263 3.2 3.1
Edem3 66967 1.5 2.8 Mcu 215999 -4.8 -1.9 Rsrc1 66880 -10.1 1.5 Zswim6 67263 2.5 2.2
Edil3 13612 -1.5 -6.4 Mcur1 76137 6.1 1.4 Rsrc1 66880 2.7 10.3 Zswim6 67263 2.7 1.6
Edn2 13615 3.3 -4.8 Mcur1 76137 3.4 1.9 Rtel1 269400 -1.4 2.6 Zswim7 69747 -1.2 2.2
Eea1 216238 1.4 2.8 Mdfic 16543 -1.1 2.4 Rtel1 269400 -2.4 2.4 Zswim8 268721 2.0 2.3
Eea1 216238 1.4 8.1 Mdga1 74762 2.9 -1.1 Rtfdc1 66404 4.3 2.1 Zswim8 268721 2.2 1.9
Eef1a2 13628 -4.8 1.6 Mdga2 320772 1.0 -21.3 Rtfdc1 66404 2.0 1.2 Zufsp 72580 1.4 5.1
Eef1b2 55949 1.8 -2.4 Mdga2 320772 1.1 -5.5 Rtkn2 170799 8.1 -2.8 Zufsp 72580 -1.1 9.1
Eef1d 66656 1.6 -2.5 Mdh1b 76668 1.0 -2.9 Rtkn2 170799 1.1 -2.2 Zw10 26951 3.0 3.8
Eef1e1 66143 1.0 3.1 Mdk 17242 -1.1 -4.6 Rtn4 68585 -3.0 1.1 Zxdc 80292 4.2 4.8
Eef2k 13631 -5.3 -2.5 Mdk 17242 1.2 -2.1 Rtn4rl1 237847 -14.7 -11.0 Zyg11b 414872 -2.1 5.5
Eef2k 13631 -4.1 -3.5 Mdm1 17245 3.7 5.7 Rtp1 239766 -4.8 -1.4 Zzef1 195018 1.2 5.6
Eepd1 67484 1.4 3.7 Mdm2 17246 1.8 3.3 Rtp3 235636 -1.1 -8.0 Zzz3 108946 -2.6 2.1
Efcab1 66793 -12.3 -1.1 Mdm2 17246 1.9 2.5 Rtp4 67775 3.3 1.6
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FIG 2 ATG16L1 promotes macrophage retention of free iron. 
(A) Summary of procedure for infecting pMacs with UPEC. 
Peritoneal macrophages (“pMacs”) were isolated from control 
mice (LyzM-Cre- Atg16l1fl/fl) or mice with a macrophage- and 
granulocyte-specific deficiency in Atg16L1 (LyzM-Cre+ 
Atg16l1fl/fl). The pMacs were then pre-treated for 24 hrs with 
or without FAC as a source of iron supplementation, and then 
infected with UTI89 at an MOI of 0.1 for 3 or 6 hrs. qPCR 
analysis on mRNA expression for lipocalin 2 (B), transferrin 
receptor (C), divalent metal transporter (Dmt1) (D), 
ferroportin (E), and hepcidin (F), relative to uninfected pMacs 
that were not pre-treated with FAC [2 biological replicates; 
bars represent +/- SEM, *p < 0.05, **p < 0.01].  
257
258 
 
Curriculum Vitae 
 
Nana Owusu-Boaitey 
nana@wustl.edu 
___________________________________________________________________________ 
 
EDUCATION  
 
  2011 – 2016 Washington University in St. Louis 
   Candidate for Doctor of Philosophy, Immunology 
 
  2007 – 2011 University of Maryland, Baltimore County (UMBC) 
 Bachelors of Science, Biological Sciences 
 Bachelors of Arts, Philosophy 
 Magna Cum Laude 
  
RESEARCH EXPERIENCE 
 
 2011 – 2016 Washington University in St. Louis 
   Graduate Student 
Thesis Mentor:  Dr. Indira Mysorekar, Dept. Obstetrics and Gynecology 
Thesis Title:   Iron Regulation of Macrophage Responses to Uropathogenic E. 
coli  
Degree Earned: May 2016 
 
 2009   Washington University in St. Louis 
   BioMedRAP Summer Undergraduate Researcher 
   Summer Research Mentor: Dr. Wayne Yokoyama, Professor 
 
 2008 – 2011 University of Maryland, Baltimore 
   Undergraduate Researcher  
   Undergraduate Research Mentor: Dr. David Scott, Professor  
 
 
TEACHING AND MENTORING EXPERIENCE 
 
2015 Spring Washington University in St. Louis 
 Teaching Assistant, Immunobiology II 
 
2011 – 2012 Washington University in St. Louis 
   Volunteer work with the Washington University Young Scientist 
Program (YSP)  
 
2010 – 2011 University of Maryland, Baltimore 
   Volunteer work and shadowing at the Baltimore Washington 
Medical Center 
 
259 
 
 
COURSEWORK 
 
2013 Fall Teaching Practice in Biology & Biomedical Sciences 
2013 Spring Ethics and Research Science  
2012 Fall Advanced Topics Immunology 
2012 Spring Molecular Mechanisms of Immunological Diseases 
2012 Spring Immunobiology II 
2011 Fall Immunobiology I 
2011 Fall Fundamentals of Molecular Cell Biology 
 
 
HONORS 
 
2014 – 2015 Ruth L. Kirschstein Institutional Research Training Grant (T32) 
2011 – Washington University Chancellor’s Fellow 
2009  – Phi Beta Kappa Member 
2009 – 2011 Minority Access to Research Careers (MARC) Scholar 
2008 – 2011 Howard Hughes Medical Institute (HHMI) Scholar 
2007 – 2011 Meyerhoff Scholar 
 
 
RESEARCH PRESENTATIONS 
 
Poster Presentations: 
2015, 2014  Washington University Immunology Annual Retreat in St. 
Louis, MO   
2015, 2014, 2013 Washington University Molecular Microbiology and Microbial 
Pathogenesis Program Annual Retreat in St. Louis, MO 
2015 Keystone Symposium, Innate Immunity and Determinants of 
Microbial Pathogenesis (Z3) in Olympic Valley, CA 
2014 East-West Iron Club Meeting in St. Louis, MO   
2010 UMBC Summer Undergraduate Research Fest in Baltimore, 
MD   
2009 UMBC Annual Undergraduate Research Symposium in the 
Chemical and Biological Sciences in Baltimore, MD 
2008 Annual Biomedical Research Conference for Minority Students 
in Orlando, FL  
 
Oral Presentations: 
2016 Washington University Women’s Health Research Seminar 
Series in St Louis, MO  
2015   Washington University Microbiology and Microbial 
Pathogenesis Program Student Talk in St Louis, MO 
2010   UMBC MARC U*STAR Seminar Series in Baltimore, MD 
 
 
 
 
 
260 
 
PUBLICATIONS 
  
Owusu-Boaitey N, Bauckman KA, Mysorekar IU. Macrophages Control the Response to 
Uropathogenic E. coli Infection by regulating Iron Sequestration and Retention in an IL-
6-dependent Manner. Immunity, Inflammation, and Disease. Submitted. 
 
Bauckman KA, Owusu-Boaitey N, Mysorekar IU. Selective autophagy: Xenophagy. 
Methods. 2015 Mar;75(3):120-7. 
 
Symington JW, Wang C, Twentyman J, Owusu-Boaitey N, Schwendener R, Núñez G, 
Schilling JD, Mysorekar IU. ATG16L1 deficiency in macrophages drives clearance of 
Uropathogenic E. coli in an IL-1β dependent manner. Mucosal Immunol. 2015 Feb. 
 
Su Y, Zhang AH, Li X, Owusu-Boaitey N, Skupsky J, Scott DW. B cells “transduced” 
with TAT-fusion proteins can induce tolerance and protect mice from diabetes. Clin 
Immunol. 2011 Sep;140(3):260-7. 
      
